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I. Role of I'luvi.al S edirnont 1.Teasurement:: i n  Engineering, - Rivers  . ~ - ~ v - - ~ - ~ . " ~ - . - . - p  
a r c  c l z s  sed among -Lhe most i r a p o r t n ~ i t b a s i c  na tura  resources  i n  almost 
tc~i3ry country on .the  lobe; thrcaul;hou.t h i s . t o r i c a l  -time they  have been 
exp lo i t ed  arid developed f o r  water  sup;)%,y, i r r i g a t i o n ,  water povter, and 
otlzer purposes f o r  public bon.ef it, The a-v.er zagc lay~na6 regards  a r i v e r  
a s  merely a n a t u r a l  clianncl car ry ing  a streana of water  The erigirleer 
has  l ea rned  t h a t  river:; arc no-t only s t r ew .1~  of vm"crr, b u t  t o  a g r e a t e r  
or  srnall.cr cieg:ree -tIzi:jr a r t .  a l s o  s.trc&m~: OL' ~c:d-i.n!.e~1.t. Impro~ena~n t s  on 
sedimmt-bearing stri:fu:is havt: ~;en.erall.y 'boon made i n  t h e  p a s t  vrithout 
due consideratioyl of t h e  e f f e c t s  of  sedimenta.t;ion on t h e  l i f e  and u t i l i t y  
of t h ~  proji:cts, As Q r c s u l k ,  t h c  o f f i c i e ~ ~ c y  und valuo of important engi- 
nzer ing  works hnvo depracli.e-*.t;ecl. r a p i d l y  and i n  m&ny i n s t m c c s  maintenance 
c o s t s  have bmn  e x o r b i t n r ~ t ,  . Di.f P i c~~ l tLo : ;  i.n operation and maintonanco 
have dr:vslopud bccause of reservoir sedir:lo?ntation, depos i t i on  or  dcgrada- 
t i o n  i z l  channels,  and er osicln o r  g111Zlying in agricul+;urtll ciroas, Not 
ant i .c ipated i n  t h e  plmnvaing s tago ,  t'lxosc d i f f k c u l t i o s  becocrc cvidont only 
a f t o r  t h e  projj3cts arc? G C X ! I ~ ? L C : ~ < ~ ~ . ,  R(2caus.e strsm?.s trthich ca r ry  sedir:iont 
i n  apprec iab le  q u a n t i t i e s  a.ro being tieveloped more ex tens ive ly  now than  
i n  t h e  p a s t 8  t h e  engineering pro fes s ion  i s  boginnine; t o  r e a l i z e  more and 
more t h a t  f l u v i a l  sedimen.t p re sen t s  a r e a l  chaklcnge and ivar rmts  s e r i o u s  
cons i d e r a t i o n ,  

The s o l u t i o n  of any f l u v i a l  socil.t:~ent prohlen  must be based on 
f a c t u a l  information. Data a s  t o  tho  yuru~. t i ty  and cha rac . t e r i s t i c s  of t h e  
sediment loads n u s t  bo  avai la 'bla ,  The water di.sckiarge i n  t h e  p r i n c i p a l  
river:: of t h e  v o r l d  has been rnoanuretl sg~s.tcmai;ionlly f o r  many jrt?urs and 
i n  most i n s - t m c e s ,  :zdequn.t;e data nro uva i l ab lu  t o  porxnit : ju t i s fac tory  
ana lyses  of t h e  hydrologic  nn.d hydraul ic  char: ic tcr i .s t ics  roquirod i n  
conncction wi."c tht: pln.nnin[; and tii?sif;n of x.i.v(:!r dovctlopmcnts, On t h o  
o-thcr hand, -tlze counpiiakiom.~, o f  corr-ospon.d:i.rq infor~:~.t:tion regarding t h e  
qua.nt i ty  aind charac.tcr o f  sotliu.i.cn-i; clischnrgc Eias bcen givon n u r c l y  i n -  
c idon tn l  a t tcmt ion ,  Only vsi"r;ilin %ho pcist f cvf y;:nrs has t h e  uttompt been 
mad.@ Lo czbtain s:r:;.tel:~r!i;ic scdin::oni; lorid records  of t ho  same q u a l i t y  a s  
t h o s e  of water ciischar~;e, Fur"k;:~arrnore, ,the t echni.qucs and equipment 
used i n  sediment saril.pling have? been improvi seci .~vitl lout due regard  t o  t h e  
fundm.entnls  of sedir,aent t r tmspor~ tn t ion  o r  the t e c h n i c a l  rcquirer lents  
f o r  t a k i n g  reproueri- t t~tfve so;caple:; .of a waf;er-soc%inon.t n i x t u r e ,  In view 
of t h e  broad. tlonatmd f o r  re:l..i.nblc: iraforann.tion on thi: sediment chartictor- 
i s t i c s  of s.tretmls, i t  boco~;aes increasingly irtb;?ou't&fit t h a t  instrurnerlt s ,  
f a c i l i t i e s  , and. methods bc dovel.opc.d f o r  ob ta in ing  nccurut c. f i e l d  da t a ,  

2, Podera% Cons t ruc%im and Cnginooring A ~ e n c i c s  Organizcd t o  Study 

t e r  of scd incnt  loads i n  stsomas, soverriP ~ g e n c i c s  of tht? United S t a t o s  
Govornmont organi_zud an infol-naal Intsrdepnrtmen"cl Committco i n  1939 t o  
sponsor an oxhuustivo s tudy  of a%% problems nncountcrod i n  collecting 



sediment da t a  and t o  everj tual ly  st;aridardize accepted nethods and equip- 
ment. The agencies  of t h e  Federal  Govermnent vh ich  have a c t i v e l y  p a r t i -  
c ipa t ed  i n  t h i s  i n v e s t i g a t i o n  a r e :  Corps of Engineers of t h e  Tlar Depart- 
ment; S o i l  Conservation Serv ice  of t h e  Department of Agr icu l ture ;  Geologi- 
c a l  Survey, Bureau of Reclamntion, xnd Of f i ce  of . Ind ian  . ,Affa i r s  of t he  
Department of t h e  I n t e r i o r ;  and t h o  Tennessee Valley Authori ty ,  This 
s tudy  was conducted i n  cooperatior;  ~ v i t h  t h o  Iowa 1ns t i . t u t e  of Ii:,rdraulic 
Iiilset*rch a t  t h e  S t a t e  Univurs i ty  of Iovra, 

The scope of %he g c n e r ~ . l  p r o j e c t ,  "A Study of 1Iethods Used i n  
Measurement arid Analysis  of Sc?dicLent Loads i n  Streams", i s  i n d i c a t e d  by 
t h e  fo l lowing  t i t l e s  of r e p o r t s  which have bcen publ ished undcr t h e  d i r -  
ec t ion  of t h o  In te rdepar tmenta l  Conmittee: 

Report KO. 1 - F i e l d  P r a c t i c e  and Equipment used i n  Sarnpling 
' Suspcxided Sedinont,  

Roport No. 2 - Equipment Used f o r  Sampling Bed-load and Bed 
EE1atorial. 

Raport No. 3 - Annly t i ca l  s tudy  of Uothods of Sampling Susponded 
S ediment . 

Roport No. 4 -.Methods of Analyzing Sediment Samples. 

Report No. 5 - Laborutory Investigations of Suspended Scdimcnt 
S urllp 1 c r  s . 

Roport No. 6 - Thc Design of Inlprovsd Types of Suspended Sediment 
Sur;.lplers. 

Roport No. 7 - A Study of New Llethods f o r  S i z e  Analysis  of Sus- 
pcndod Sediment Samples. 

Report No. 8 - LTeasuremcnt of t h e  Sediment; Discharge of S t r e w s .  

Rcport No. 9 - Density of Sediments Deposited i n  Reservoirs .  

Rased on t h i s  s e r i o s  of r e p o r t s ,  and on progress r e p o r t s  submitted t o  t h e  
Interdopartmontal  Committee p e r i o d i c a l l y  dur ing  t h e  course of t h e  i n v e s t i -  
ga t ion ,  t h o  p re sen t  papor i s  c s s e n t i a l l g  a compilution of t h e  more s i g n i -  
f i c a n t  f a c t s  and information p e r t a i n i n g  t o  sediment sampling which a r e  
considered t o  be  p e r t i n e n t  t o  t h e  i n t e r e s t s  of t h e  Amcrican Socie ty  of 
C i v i l  Engineers J o i n t  Committoe on Sedimentation i n  Reservoirs .  

3. H i s t o r y  of Sodimont Sampling, - Records of p a s t  c i v i l i z n t i o n s  
i n  China, IvIosapotmia, and Egypt ind ic t t te  t h a t  man has alwnys cxperionccd 
d i f f i c u l t i c s  m d  hazards duo t o  sedimont c a r r i e d  by n a t u r a l  streams. How- 
ever ,  t h o  m m u r  i n  which f l u v i a l  sodimcnt i s  t r anspor t ed  and deposi ted,  
t h e  knowledge of which would a i d  i n  f~vo id ing  o r  overcoming many of t h o  
consequences, has  beon i n v e s t i g a t e d  only i n  comparatively r e c e n t  years .  



The f i r s t  sedir.ient mensure~ncmts of record were made by Grosse 
and Subuors (1) i n  the  Rhone Rivor i n  1808 m!nd 1809. Other e a r l y  obser- 
v a t i o n s  were rnnde by B3.olznl (2, 3)  i n  t h e  Elbe River a t  Ilamburg, Germany, 
from 1837 t o  1054 and by liaurngarten (3 ,  4 )  i n  .t;lie Gnrone Riper ,  France, 
from 1839 t o  1846. 

The e n r l i s s t  moasuremants of sedimcnt loads  i n  t h e  United S t a t e s  
vrare made i n  t h e  Miss i s s ipp i  Rivcr by Captniri T a l c o t t  (1)  i n  1838, For- 
sizoy (1 ,  3 ,  5 )  made ex tens ive  obseru.r~t ions i n  t h e  Jo~ver l l i s s i s s i p p i  i n  
connecti.on wi th  t h e  sJcudies of FEu~~pllrcys m d  Ab'uott i n  1851 and 1852, 
S~ :d imun t sa ; lp l~ ; s  \?ere tnkcn a l s o  nczr  tile mou-Lb of t h e  i l l ississipy,i  from 
(5 ,  6 ,  7 )  1077 t o  l8YE and a t  s eve ra l  s t a t i o n s  along t h e  1 ,Kss iss ippi  and 
Missouri Rivers  (3 ,  4 )  from 1079 t o  L881, The development of i r r i g a t i o n  
along t h e  r i v e r s  of t h e  soutklv:aster:i p a r t  of t h i s  country mct w i t h  con- 
s i d e r a b l e  d i f f i c u l t y  duc t o  h u a q ~ '  loads of sediment c u r r i e d  by t h e s e  
streams. I n  order t o  f i n d  a s o l u t i o n  %o t h i s  p-oblcnb, sediment measure- 
~ z e n t s  were s t a r t e d  i n  Inany of t!iesc rivers n e a r  t h e  c lo se  of t h o  1 9 t h  
century. Samplas were f i r s t  t aken  i n  t h e  EZio Grmde ( 8 )  i n  1869 and 1890, 
Otscrva t ions  have been made rcgu1urll.y in. t h e  Rio Grtinue s i n c e  1897, i n  t h e  
lower Colorado River s inca  1989 and i n  t h o  uppor CoI.~r:~do River Basin s ince  
1925,  A detai.1ed i n v e s t i g a t i o n  o f  sedimenk loads i n  t h e  l r i ssour i  River  
( 9 )  and i t s  t r i b u t a r i e s  wns c o n d ~ c t o d  i n  1929 and 1930, Extensive sed,i- 
nient surveys have been made on ntmy o ther  s t r e a n s  of t h i s  country s ince  
about 1930. Since %he t u r n  of the caiitury, i n t e r e s . t  i n  sediment i n f o r -  
mation and t h e  p r a c t i c e  02 making observa t ions  of sediment loads  has been 
growing s t e a d i l y  i n  t h i s  country and simulkt-;neous1y i n  n e a r l y  a l l  o the r  
coun t r i e s  of t h e  world, 

4. Theory of Sedirnt:nt Suspollsion, - I',cccn,t s t u d i e s  of f l u i d  t u r -  --- 
bulence m ~ o r  phases oi' h;rdrau$ics have been 
used by Ltuie and Kalinske (10, 1 1 )  t o  expla in  t h e  sedincxlt suspension 
phanomenon, The ~ n c l l y t i c a l  b a s i s  f o r  t l ie turbulence concept of t h e  Trans- 
p o r t a t i o n  of suspended secfil,lrsxlt haa Seer\ p r c s c ~ . ~ t e d  i n  engincoring l i t e r a -  
t u r e *  For t h e  purpose of t h i s  papr:r it v ~ i l L  sui ' f icc  to  p rc scn t  only a 
r a t i o n a l  a n a l y s i s  of t h i s  concep$, The t\xrbult:nce concept of sedimorat 
suspension i s  now gene ra l ly  acccptcd,  and i t  i s  bel iovod t h a t  an under- 
s tanding  of it w i l l  provide an of C e c t i ~ ? ~  a i d  i n  p1mning and ca r ry ing  out 
a scdimcnt rnsasurcmcnt proe;rm:xl!l, 

I n  turbulent flovr t h e  d i r e c t i o n  of tlac cu r r en t  a t  a given p o i ~ t  
chLmges r a p i d l y  and haphazardly, Althsu6;h t h e  flow a t  t h o  po in t  has  a 
gmaraP forward motion, i n  a s h o r t  sprzco of tkne  srnn%S. a r e a s  of flow, o r  
c d a o s ,  fluctuate i n  ho r i zon ta l  and v e r t i c a l  d i r ~ c t i o a s ,  T h c s ~  fkuc tua-  
t i a n s  a r o  i r r e g u l a r  and spon.i;ancous, and. do n o t  f o l l o ~ r  any d c f i n i t o  sc- 
quonco, The m a p i t u d o  of t h o  cu r r en t  a l s o  changes, f l u c t u a t i n g   bout a 
memi va lue  i n  a manner s i m i l a r  t o  $ k ~ s  v a r i a t i o n  iu t h e  d i r e c t i o n  of flow. 

Sediment p a r t i c l e s  a r e  ra%ised from t h e  stream bed by t h e  shear  
or  t r a c t i v e  f o r c e  of t h e  stroam exe r t ed  on t h e  boundrtries of t h e  channel 
and a r e  moved upward by momenkary upward eddy cu r ren t s  , The upward move- 
ment i s  counterac ted  by t h o  f o r c e  of g rav i ty ,  which t e n d s  t o  s e t t l e  t h e  
p a r t i c l e s ,  %nd by t h e  momentary dov.mvIrnrd eddy cu r ren t s ,  Then p a r t i c l e s  



a r e  caught i n  a  current  moving upward a t  a  r a t e  grea ter  than t h e i r  s e t t l i n g  
ve loc i ty ,  they  w i l l  be t ranspor ted  upv~ard, Gn the  other  hand, t h e  pa r t -  
i c l e s  w i l l  move downvmrd i f  they a re  surrounded by water rnoving dovnrfard 
or  by water moving upward a t  a  r a t e  l e s s  than t h e i r  s e t t l i n g  veloci ty .  
Normally t h e  sediment concentrat ion i n  a stream increasss  toward t h e  
botton. Consequently, upward currents  t r a v e l  from a re$ion of higher 
concentration t o  one of lower concentrat ion,  and thus  have a g rea te r  po- 
t e n t i . 1  of sediment t r a n s p c r t  than  dovm.rvard currents .  Iloreover , s ince  
t h e  amounts of water novine; upv~ard and domvsard nus t  be equal t o  maintain 
a given \ ra ter  surface e levat ion ,  nore sediment vri.11 be t ranspor ted  by up- 
ward c u r r ~ n t s  than by do~anrard currents .  Tlze scdirncnt lond d i s t r i b u t i o n  
i n  a streani v c r t i c a l  i s  sa id  t o  have reached cquilibriurn ~rizen t h e  dovni- 
ward r a t e  of sodiment rfiovcx~ent through m y  hor izonta l  plane, due t o  fo rce  
of g r a v i t y  and dovm~sard components af eddy currents ,  i s  equal t o  thhc up- 
ward r a t e ,  due t o  t h o  upward eddy comporicnts, 

The s e t t l i n g  v e l o c i t y  of scdimcnt p a r t i c l e s  i s  a  funct ion  of 
t h e i r  appnrent s p c c i f i c  g r a v i t i e s .  Consequently, coLrsc p a r t i c l e s  11611 
s e t t l e  f a s t e r  them f i n e  p a r t i c l e s ;  and, i n  order  t o  maintain o s t a b l e  
c ~ n c o r l t r ~ ~ t i o n  d i s t r i b u t i o n ,  t h e  excess of sedirnent t r m s p o r t c d  upward 
over t h a t  c ~ r r i e d  downward must b e '  g rea te r  f o r  coarse than f o r  f i n e  par- 
t i c l e s .  This condition obta ins  i n  a  nat;ural stream because t h e  v e r t i c a l  
d i s t r i b u t i o n  of sediment v a r i e s  wi th  p a r t i c l e  s i z e ,  t h e  corlcentrati on 
inc reas ing  more rap id ly  toward the  botton f o r  coarse than f o r  f i n e  sedi- 
ments. For p a r t i c l d s  wi th  low s e t t l i n g  r a t e s  equilibrium w i l l  be a t t a i n e d  
with a very small d i f f e r e n t i a l  concentration with respect  t o  depth and 
the re fo re ,  t h e  f i n e r  t h e  p a r t i c l e s  the  more gradual becomes t h e  concen- 
t r a t i  on gradient ,  and corlversely, the  coarser t h e  p a r t i c l e s  the  s teeper  
becomes the  concentrat ion gradient .  

The s e t t l i n g  r a t o s  of s o l i d  p a r t i c l e s  increase  wi th  s i z e  but  
not  i n  uniform r a t i o ,  The s e t t l i n g  r a t e s  f o r  p a r t i c l e s  smaller  than 
1/16 mm. i n  s i z e  vary approximately a s  t h e  squurcs of the  di tmeters ,  
whereas f o r  extremely l ~ r g e  p a r t i c l e s  t h e  s e t t l i n g  r a t e s  vary approxi- 
mately a s  t h e  square roo t s  of t h e  diameters, The 1/16 rnm. size, i s  
usua l ly  considcred t o  represent  the  approximate d iv i s ion  point  between 
sediments which a r e  c lassed  a s  s i l t s  and those c lassed  as s'mds. Because 
of t h e i r  high s e t t l i n g  v e l o c i t y ,  sand p a r t i c l e s  and those considerably 
over 1/16 mm., a rc  more concentrated ncar the  bed than ncar t h o  surface,  
t h e  concontration gradient  increasing wi th  t h e  s ize .  Clay and s i l t  pa r t -  
i c l e s  a r e  i n  gcncral uniformly distributed i n  a s t r e a i .  The d i s t r i b u t i o n  
or' sediment i n  a  stream v e r t i c a l  i s  an inpor tan t  f a c t o r  t o  b s  considered 
i n  carrying out  a s m p l i n g  program, cspccin l ly  i n  the  s e l c c t i o n  of sam- 
p l i n g  po in t s  m d  i n  t h e  analys is  of t h e  data,  

Sediments t r anspor tcd  as  bed-load or s a l t a t i o n  l o ~ d  merge w i t h  
t h e  suspendcd load near t h e  bottom of' t h e  strcani. ~ovfever, s ince  t h i s  
paper i s  concerned only wi th  sampling of suspended sediment no fu r the r  
considerat ion v d l l  ba given t o  t h e  theory concornirig other  types of movc- 
monC . 

5, hllluthods of Itloking Sediment bldasurements, - The sediment samples 



of s c ~ i t t e r e d  i n v e s t i ~ a t i o n s  rocorcied d u r i n ~  t n e  f i r s t  ha l f  of t h e  19 th  
ceritury were talceri a t  t h e  sur fhce  of t h e  stream a t  only one ver t icc l l  i n  
a  cross-sect ion.  Forslacy, s a r p l i n g  i n  tho I ~ i s s i s s i p p i  River a t  Ca r ro l l -  
t on  i n  1851, took sanples  n t  t h e  s :~r fnce ,  mid-depth mc! bottom of t h r o e  
v e r t i c a l s  - one near  each bank and. on2 n t  mid-s.l;remn. Sirice t h a t  t imc,  
a s  t h e  va luc  of sediment da t a  has baco~nc morc appnrcnt and ti le pheriomenon 
of s  c:dir:;en-t t r a n s p o r t a t i o n  has  bt:cor:ii: nioro c l o a r l y  urider stood, observers  
hrive g r~ tdun l ly  expanded t h e  rictvsork of s z ~ p l c s  talcm i n  a  s t r c j m  cross-  

- .  s sc t ion .  vi!.i<:re thorough cxaminati  on oi' t h e  sodirncnt d i s t r i b u t i o n  i s  t o  
bi: made, t e n  or  rzore vc:rticnls m::y bc ssunplcd and upvr::rds of t e n  sarnplcs 
mny be  tnl;r?ri frolyi cach vertical, In tllc ~ i n j o r i t y  of s tmpling programs 
c a r r i e d  out  i n  major strcarns s i n c c  al>out 11308, t b e c  verticals have gen- 
c r a l l y  been uscd and about t h r e c  s:~l.lpli?s have been talcen i n  each v e r t i c a l ,  
The v e r t i c a l s  have been v a r i o u s l y  spaced a s  at t h e  q u a r t e r  po in t s ,  t h e  
cen t ro ids  of equal rirea, o r  a t  t l le cent ro ids  of equal  discharge.  The 
l a t t e r  method has a  r a t i o n a l  bns i s  and i s  coming i n t o  morc and rnore promi- 
nent  use ,  A t  snr;lpling s t a t i o n s  where t h e  sedi:nerit d i s t r i b u t i o n  has been 
c o r r e l a t e d  end i s  p e r i o d i c a l l y  checked by L. cor,i;olete network of samplcs, 
it i s  f r equen t ly  t h e  p r a c t i c e  t o  t a k e  s i n g l e  s m p l o s  i n  r o u t i n e  obscrva- 
t i o n s .  These samples a r e  takcn c t .  t h e  surfrzcc, a t  0 ,6  depth, or f r o n  a  
ver-tic:il i n t eg ra t ion .  Correc t ion  f ~ c t o r s  bascd on conplote  c ross -sec t ion  
sediment surveys a r e  u s u a l l y  sLpplied t o  t h c  s ing lo  dotcrrnination of scd i -  
merit concentrat ion.  

I f  t h e  scdinont  c u r r i e d  i n  suspcnsic;n ware uniformly d i s t r i b u t e d  
throughout EL s tream cross-sec t ion ,  t h e  detenl~ir lc t ic jn cjf tlic t o t a l  sediment 
load  would be s conpnra t ivo ly  siclplc procc:dur*e. A s i n g l c  scirnplc takcn a t  
uny po in t  vtould then  i n d i c ~ t c  t h e  sedimcnt concent ra t ion  or t h c  woight of 
scd i~ncnt  p a x  u n i t  volww of vj.at(:r znd tho  scdiment dlscharge would be t h o  
product of t h e  sodiment concontrat ion rmd the: wn.i;cr discharge. But t h c  
concontrat ion of f l u v i a l  sediment va r io s  i;:orz or l e s s  throughout 'my cross-  
suc t ion  of a  stracm and t o  ob ta in  an :iccui-~itc~ m<:asurerlcnt of., the: sediment 
discharge t h ~ s e  m r i n t i o n s  must be takcn i n t o  account. 

Tho ~ i s t r i b u t i o n  of scd ixcnt  i n  n strc:;n c ross -sec t ion  i s  gcncr- 
a l l y  found t o  vnry nor2 v;:rtic::lly th,m lati:ra?.ly, Consequently, g rea to r  
ircportancc should b e  plnccd upon t h e  spr.cing of sarnpling po in t s  i n  t he  
ver-t,ic:-?l t o  provide o.n nccurtltc rrlensurernerit of t h o  cedincnt  load,  Bot 
only must t h o  concen t r a t io r~  of scdir:icnt n t  var ious  point:; i n  t h e  cross- 
s cc t ion  be determinod but  t h c  vc:loc:ity of t h e  rrnticr a t  cach po in t  must 
a l s o  bt) measured, s i n c c  -/;he r a t c  of s!;di:;;icn-b t ransport ;nt ion i s  d i r e c t l y  
propor t iona l  t o  t h o  vrator v e l o c i t y ,  

The s  adiment c  onc c n t r a t  ion i s  di?termin:: d  frorn samples of t h e  
water-scdimcnt ci ixturc taken f r o n  the'  strcam by mcw,s of u suspended 
sediment sampler w h i l e  t h e  corrcsPondin$ vrator v e l o c i t y  i s  dctcrminod by 
m a n s  of a cu r r en t  mcter. The product of  tht:so q u a n t i t i e s  givcs a va lue  
f c r  t h o  sediment dischnrge ~t t h e  p o i n t  o r  v c r t i c a l  i n  t h e  strctun where 
t h o  observat ions r r e  made, E;ach individu2.l  d :~ ter f i l in r~ t ion  i s  considored 
r c p r e s e n t a t i v c  of t h o  sediment; dischrxgo i n  a s o p o n t  of t h e  s t ream cross-  
s e c t i o n ,  t h e  s i z e  of which dopmds upon t l lc  un i f  o r n i t y  of sediment concen- 
t r a t i o n  and ve loc i ty ,  The t o t a l  sediment disch:hurgct of t h e  cross-sockion 



i s  ob ta ined  from a sumriati on of t h e  i l id iv idua l  de t e rn ina t ions  weighted 
accordirlg t o  t h e  a r ea  each r ep resen t s .  iihen depth- in tegra ted  samples 
a r e  taken a t  sampling v e r t i c a l s  representing a r e a s  of equal  water d i s -  
charge, t h e  sediment d ischarge  1 s  -the product of t h e  average v;eighted 
sediment conceritrutlon &nd t h e  wntor d i s c h r ~ r ~ e ,  t h e  la t i ,er  being obta ined  
from a r a t i n g  curve o r  cu r r en t  lacter :;ieasurerlciit. 

k suspended sedirient sampler i s  n o t  dt?signed t o  cleasure t h o  
s a l t a t i o n  load ,  or  t h e  bed-load vihiclz r o l l s  o r  s l i d e s  along the s t r e w  
bed. Tlie l a t t e r  t y p o s , o f  sudirner~t do not  t r n v e l  wi th  t h e  s a n s  v e l o c i t y  
a s  t h e  wntt?r, and thorriforc cannot be  estina-Led c o r r e c t l y  from t h o  amount 
which i s  t rapyod i n  u u n i t  v o l m e  of' wutcr .  l\:Ioreovor, it i s  very  d i f f i -  
c u l t  t o  metisure t h e  v e l o c i t y  of t h e  v~a to r  ncrir t h o  bottom where s n l t a -  
t i o n  or  bed-load moveniont s talre p lace .  An appr oximatc dcterminnt ion of 
t h e  r a t e  of scdiment movorncnt by r o l l i n g  and s l i d i n g  cn.11 be made by t r a p -  
ping t h i s  sediclent i n  a bod-load sarnplcr a t  t y p i c n l  p o i n t s  ac ros s  t h e  
width of the  stream. However, t ho  q u a n t i t ~ t i v s  accuracy of such meusure- 
ments i s  sub jec t  t o  qucs t ion  owing t o  w1ct :r ta int ios  a s  t o  t h e  e f f e c t s  of 
dis turbcncos caused by t h z  sarnpler r e s t i n g  on tho  stroam bod, t he  pos i -  
t i o n  nnd shape of sand dunes, i f  any a r e  p r c s a n t ,  and t h e  c a l i b r a t i o n  of 
t h e  sampler.  

hlany suspendc>d sodiment s m p l e r s  w l l l  t r a p  some of t h t  s a l t a -  
t i o n  load  i f  placed'  so ncur t h e  bottoni t h a t  thd in tnko  i s  i n  tho  r eg ion  
of s u l t ~ ~ t i o n  load  moveriont, t~nd i f  thc! sc ruons  usod i n  t h e  cons t ruc t ion  
of t h o  bod-load samplers a r e  wxtromely f i n o ,  t hey  may t r a p  some of t h e  
suspended loud. The e r r o r s  which r e s u l t  i'rom such overlapping of t h e  
sampling zones a r e  u s u a l l y  regarded  a s  being so s n a l l  t h a t  t hey  may be 
neglected.  An accu ru tc  dctcrminnt lon of t h c  scdiment c a r r i e d  by a s t r o m  
would r e q u i r e  mansurement of both suspcndcd lond and bed-load, Usual ly,  
howcv,.r, t h e  n a t u r e  of t h e  problem undcr cons idern t ion  i s  such t h a t  t h o  
suspended load  p l ays  a more prornincnt r o l e  than  docs t h e  bed-load. I t  
i s  p o s s i b l e  sometimes t o  cons t ruc t  EL drop over  which both bed and suspon- 
ded 1o:~ds pas s ,  and whore both can bc sampled u t  the s m o  t i m t :  by pasc ing  
a s u i t a b l o  sampler through t h e  overf a l l l n g  nnppe. 

The purpose f o r  which n sediment snmplillg program i s  undcrtakon 
w i l l  d i c t a t o ,  t o  n l a rge  uxten t ,  how, vhc re ,  c.nd when the  srxmples should 
br, takon. The schcdulc of s~unpling obviously v 5  11 be a f f  cc tcd  by sev~: ru l  
f a c t o r s ,  such r,s th.: cos t  of th t?  vnriouo phascs of th:: p r o g r m ,  t h o  funds 
nva i l ab l e ,  nnd t h o  c lznrac te r i s t ics  of t h e  s t r c c n  cnd i t s  sodimcnt load. 
Sedimerit invcstig::tions o r d i n a r i l y  a r c  co~lductod t o  c s t e b l i s h  long-term 
r<%cords  of sediment 1o r .d~  and t o  providc b a s i c  dntr, f o r  a n a l y s i s  nnd 
design of engincuring p r o j e c t s  i n  which sodir.lont i s  u f a c t o r  t o  bc con- 
s ide red .  Sometimes they c r o  c a r r i e d  out  pu re ly  i n  t h c  inze ros t  of acn- 
dcmic research  o r  t o  provide s c i e n t i f i c  information f o r  use i n  connection 
w i t h  problems r i r is ing In s t romls  o t h x  t h a n  the: o11o boirlg s tud ied .  I n  
gonoral ,  n long-torm sodimcnt measurement program w i l l  r e q u i r e  l e s s  f r e -  
quent sampling than a morb intensive r.eseo.rch p r o j e c t ,  p a r t i c u l a r l y  a f t m  
t h e  stream has boen undcr obsorvr<tion f o r  u s u f f i c i e n t  l eng th  of t i m s  t o  
determine t h e  char:!cter int ics  of i t s  sodir.icnt load fwd v~rtter discharge. 



I n  2,ny t j ~ e  01' ,.;::ciplin r; pr(jgrtal  tli-;: v::ril;Lility ?\rid ch: r 2 C -  

t . ; r i s t i c s  of -the ~cdir i ._ i :~t  lo:id. :u:d ::,f t!lL.: v i ~ . t o r  dischnrg.: c.r%> .tlla:; rricst 
i l ; ~ p o r t a n t  f r t c t o r s  t o  corsic'icr i n  p l x l n i r i ~  :\ sr ,r : iplin~ sck.oc!1~1(:. . B o t h  
of t h  :;se v a r i n b l , : ? ~  nrc. ; f i ; :ct~;d '07' - l i L 1 6 ~ :  c l i n a t i c ,  h:rdroloi,, c ,  :.GI ci -topo- 
g r z p i ~ i  c f enturc:s of tii>: st:.<.:~tj.i rind i t s  ?.i:C:~rol.i;d. TkLc? *C>U:I:I~ 1 i.tv, Ci is t r i -  
b u t i o c  c.rzd intznsitlyr of p r  c c i p i t f i t i o r ; ;  th; rcz:ccx i~;. t,!npi.;r n t u r c  ; .tl-lc 
:;izc, sh:.;po, topogr.:phjr :-ad ~ ~ : c l o g y  of t?ic dr:.il.i:A,::; b m i n ;  t h f :  s o i l  i:nd 
r r i g e t a l  cover a r e  I :+c to rs  ~ : h i c h  i n f l u e r i c e  tllo qr!nn",i:;y and r a t e  c f  s e d i -  
n e n t  proc?uc t io r i .  O-iIi-er t h i n  2s be i:lg e ! i ~ ~ q l ,  ";he c:uar,ti-ty of s ec!j.nent 
produced v a r i e s  w i t h  t h e  s i z e  o.C drr.in:i:.g. art:n, o l i d  o 'bviousl ;~ ,  -the her:v- 
i e r  and n o r e  ir ; tense $he grhecipj.c~?;i.on t h e  I;roa.tar 7 : r i l l  bc t h e  q u a n t i t y  
of sedirrient ranoved frorn t i e  \ t , ia ter~hod.  A f r i a b l e  s o i l ,  u n p r o t e c t e d  by 
v e g e t a l  cover ,  w i l l  y iolc i  h i g h e r  sadii :~er, t  r u ~ l o f f  i;I:ctn a nore s t a b l e  s o i l .  
These and  o t h a r  l a c t o r s  nluct he: tailc3ri in-to corlsiclcrntion i n  p r 3 p a r i n g  a 
sampl ing sckLedulc $or ariy p a r t i m l a r  Loca.-Lion. 

The m a j o r i t y  of s t r e a r i s  p a s s  n o r e  t h a n  50 p e r c e n t  o f  t h e  t o t a l  
annual  flovr dur ing  f  loo& p e r i o d s  a t  which t i n e  -tlic s c?di!n?nt concen t ra -  
t i o n  a l s o  i s  g r c t l t e r  tlian u u r i n g  p ~ r i o d s  of n e a r l y  rlorr.lal s - c ~ ~ g o ,  Both 
t h e  vsotor d i s c h a r g e  and scdirnsrlt c o n c a ~ . t r . r ~ t i o n  var;- r::ore r a p i d l ~ i  on. a 
r i s i n g  t h a n  on a f a l l i n g  s t n g e .  Th1;rcfol-s, i t  is ii.!y>ortizit t h t i t  s ~ d i -  
n e n t  s n ~ l p l a s  be tt\kt:n no:'(;? o f t e n  during; f l o o d  pt;rLod.s thar, a t  e t h e r  t imes  
and more f r e q u e n t l y  on t h e  r i s i n g  s i d c  of a f l o o d  ti:-drograpli t h a n  a f t e r  
t h e  c r c s t  h a s  passed ,  

For  t l z s  purnosft of d a r i v i n g  m a c c u r a t e  sedirient  l.i;rdrograph 
f o r  a s t r u m ,  t h e  f requency  of sampl ing m2ght bo s c h e ~ i ~ 1 c . d  on e. r a t i o n a l  
b a s i s  s i r z i l ~ r  t o  t h a t  usi:d i n  l o c a t i n g  srir.,pling p o i n t s  t o  reprt;corit a r e a s  
of oqunl i-lisciiurge i n  r, stroa::i c r o s s - s e c t i o n .  Tliz swuples coulci be S O  

spaced 1 ~ 6 t h  respect t o  tii:.:o t h a t  t h o y  tiroiild re:-lr~s.:nt e i t h e r  c::_un? quan- 
t i t i e s  of s;.dimer:t o r  wati:r d i ~ c h a ~ ~ ; .  I n  f ~ . c ~  a p p r o x i n c ~ t i o n s  o f  such a 
method s r e  u s c d  by v a r i o u s  hl;oncj.es. For instc::cc, r o u t i n e  s:x:iplos r.iriy 
be  takcn cv.;:ry day dur ing  pt:riods of norrnal f'looii, m d ,  nccording t o  a 
prcdc tormincd  s c h e d u l ~ j ~  nor,: oi'kcn d u r i n g  floorl. p:L:rious, fovrror s:inplcs 
be ing  r e q u i r e d  on t h e  f a l l i n g  t h a n  on r i s i n g  sC,ag,is. It vrou1.d bc un- 
c ics i rnblc ,  howcvor, t o  make t h o  s ~ z l r l  ir,g s c ; lo&~lo  so c o z p l i c n t c d  or  con- 
f u s i n g  a s  t o  t a x  t l ic  p c t i u n c c  : I . E ~  cooy)er:iti.t-olicss oi' the observer. 

Var ious  sm.p l ing  schodulc s t l i ~ t  have beon used i n  ~ c t u a l  f i c l d  
p r a c t i c e  a r e  d e s c r i b e d  i n  d o t t i i l  i n  Rcpor t s  ?To. 1 and 8 of t h e  scdimcnt  
s . ~ r i o s .  

6. Suspended Sudirnerit S a n p l c r s .  - I n  t h e  e a r l i e s t  n t t empts  t o  
measure Scdiment losids i n  s t rem;ls  t h o  vt:ry s i n p l o s t  t y p e s  of s:uriplcrs 
wcre usod. An opon c o n t a i n e r  o r  a p ~ . i l  vrris us( :d  by R i d d o l l  i n  s m p l i n g  
thi2 I f i i s s i s s i p p i  Rivor  a t  Bcv? Orlcaris i n  1843 t o  1848. S i m i l a r l y  c rude  
and u n s c i u n t i f i c  equipment v:es used .  u n t i l  about  1900. S i n c e  t h a t  t i m e  
a g r o a t  d e a l  of thought  tmd ingenuity hnvo bijer~ c x c r c i s o d  i n  tk i i :  devclop-  
ment of sudin:?nt s  cmpl in6  squipnL;nt .  V 2 r  i o u s  iridividur.1 s ongag.;d i n  
scdimont  .work hcve di:~ist :d simipl<:rs - h i c h  op :rntc i n  ?,ccordnnct: w i t h  
t h e i r  r cspcc t iv t :  i;:torprot:it iorls of khc st>ciniint  tr:n s p o r t r i t i o n  phonorno- 
non. A gr ,3at  mcmy d i f f e r e n t  i n s t r m u n t s  a i d  uppnrntus  llnvi: h e n  i n t r o -  



duced. The saiiiplini; a c t i o n  ~ n d  t h e  t e c h n i q u e s  adopted f o r  o p e r a t i n g  
t h e  sarnpl e r s  d i f f e r  wide ly .  AS a r e s u l t ,  t h e  dn ta  o b t a i n e d  w i t h  one 
sampler a r e  n c t  n e c e s s a r i l j r  co:~pprahle  t o  t h o s e  of a n o t h e r ,  and i n  t h e  
l i g h t  o f  t h e  s t u d i e s  mhde by t h e  Pnterdepar tnier i ta l  Co,miittee, many 
samplers  which have been usod  exi&-isively i n  t h e  p a s t  a r e  now h10m t o  
be d e c i d e d l y  u n s a t i s f a c t o r y .  

The v a r i o u s  samplers  t h a t  htivo been i n v ~ s t i ~ a t o d  i n  t h i s  s t u d y  
can b e  c l a s s i f i e d  a s  t o  t h e i r  mode o f  o p e r a t i o n  inl;o two g e n e r a l  t y p e s :  
instantaneous m d  t ime-integrut j .n l ; .  Many s m ~ p l e r s  do n o t  a c t u a l l y  q u a l i -  
f y  f o r  e i t h e r  o f  t h c s e ' c l a ~ s i f i c i i t i o r i s  becauso t h e i r  d e s i g n ,  sampling 
a c t i o n ,  o r  method of o p e r a t  ion e l i m i n a t e  them from t h e  categol- ios  of 
t r u e  i n s t a n t a n e o u s  o r  intt:grtitiny; s a r i p l e r s ,  As t h e  r ime  i m p l i e s ,  t h e  
i n s t m t a n e o u s  samplor i s  dosignud t o  t r a p  a  specirnorl o f  t h e  wa te r - scd i -  
ment m i x t u r e  p a s s i n g  t h e  su1ecti:d scalpl ing p o i n t  a t  a  d e s i r e d  i n s t a n t .  
Tho t ime- in tcgr r ; t ing  s m p 1 8 : r ,  on t h e  o t h e r  h w d ,  ta1:cs t h e  sarnplcr more 
s l o w l y  over  nn cxtonded p e r i o d  of t h o  so  E,S t o  o h t n i n  c~ spocinion i n  
which -khc rnomt:ntury f l u c t u a t j .  ons i n  s  cdinonl; 1 oad n r ~ :  avzraf;t.d. Thc 
m a j o r i t y  of sample rs  i n  u s e  a t  t h c  p r z s e n t  t i n o  a r e  des igncd t o  o p c r a t e  
on t h o  p r i n c i p l e  o f  t ime- intogr t t t i .on.  I'lllili: tki s  p r i r ~ c i p l c  i s  b a s i c a l l y  
sound and conducive t o  nccurat;: s : i l : ipl i~g,  th(: s ~ m l ; \ l . c r ~  a r c  o f t m  cori- 
s t r u c t o d  or  oporrltod i n  s u c h  a w c ~ y  a s  t o  p r c c l u d o  t i r n c - i n t o g r a t i o n  don- 
i n a t i n g  t h e  s m p l i n g  p rocedure .  

T ime- in tcgrn t ing  s m p l u r s  r ~ t l j r  Lo sub-clividod a g a i n  i n t o  tsvo 
t y p e s  : p o i n t - i n t c g r a t  i n g  ai id  d e p t h - i n t e g r a t i n g .  Tho point-int;r :grntir ig 
s a n p l o r  i s  h e l d  stutionrl ,ry t t a  p o i n t  i n  t h z  :;fmpling ver-kictil w h i l e  t h e  
sample i s  takdn. Thf: d e p t h - i r , t o g r a t i n g  samplcr i s  1ovrt:rcd t o  tho bottom 
of t h o  s t ream and ra isc 'd  a g ~ t i n  t o  t h o  surf i~i . ,c  u-l; :L uniform r a t e ,  sumpling 
c o n t i n u o u s l y  d u r i n g  b o t h  p e r i o u s  o f  t r a n s i t ,  o r  i t  mny b e  dosigned t o  
stimplo o n l y  from t h e  surfr ,ce  t o  the, s t r  ttai bod. Tho dopth-integrating 
sampler  i s  dosigned t o  t n k c  a n u n i l  s * m p l c  i n  th \ ,  v c r t l c ~ l  g i v i n g  uniform 
w t i g h t  t o  t h e  incrc:nients of vintcr-sodimi:nt r;llxturo tc:kt!n a t  t h < i  v ~ r i o u s  
l o v c l s .  

The r oquirumunt s of un . idar , l  s  c:dirnonC srmplc:r arc. s m n a r i z u d  
b r i o f l y  u s  f o l l o v ~ s :  

1. The v e l o c i t y  w i t h i n  t h ( ,  cu t t in i l ;  c i r c l e  of t h e  i n t a k e  s h o u l d  b e  
e q u a l  t o  t h o  s t renm v e l o c i t y .  

2 ,  Tho intn1:o s h o u l d  bo p o i n t e d  i n t o  t h c  nppronching f l o w  and pro-  
t r u d o  upst roam from t h e  zone of d i s t u r b n n c ~ :  cr!uscd b y  t h e  p rosence  of t h o  
sampl crs. 

3. Tho samplor s h o u l d  f i l l  smoothly vri thout sudden i n r u s h  o r  
gu lp ing .  

4. Tho sar2plo c o n t n i n o r  shou ld  b c  rcrnovablc and s u i t a b l o  f o r  
t r a n s p o r t a t i o n  t o  t h e  l a b o r n t o r y  w i t h o u t  l o s s  o r  spo i l f igc  of t h o  con ton t s .  

5. Thc s:u.lplor s h o u l d  p c r n i t  s m p l i n g  c l o s e  t o  t h o  str'otlm bod. . .  



6 .  The sanpl6::r ohould bc: ::i;r:;-:nlined r ad  of s u f l i c i c n t  weight t o  
avoid excussivc drng. 

7. The sanplur  should bc rugged and simply cons t ruc tcd  t o  minimize 
t h e  nucd f o r  r e p n i r s  i n  th:: f i c l d .  

ti. The cost of t h e  sttr-~pl.er should be a s  l o w  a s  p o s s i b l e  cons i s t en t  
wi th  good d.esign nrld performance. 

The Interdepprtmentnl  Co:.mittee i n  t h e  e a r l y  plznses of t h e  pro- 
j e c t  au thor ized  nr, e:chaustive Inborntory and a n a l y t i c a l  s tudy of e x i s t i n g  
i n t e g r a t i n ~  s ~ ~ i l p l e r s  t o  l o c a t e  f a u l t y  desigr: and operatio11 procedures 
which would c c n t r i b u t e  t o  i naccu rac i e s  i n  tho c o l l e c t i o n  of sediment sam- 
p l e s .  Bas i ca l ly ,  t h e  pr i r ic ip le  of i n t e g r a t i o n  sar;ipling r equ i r e s  t h a t  a 
continuous f i lament  ' of t he  water  find seciiment be trilcerl f  rona thr: flovn ng 
s t rea~l i  i n  t h e  s m e  re1::t ive propor t ions  a s  e x i s t  i n  t h e  irx:iedintely sw- 
rounding f i l umcn t s  of' i'lovc. Tho sxiiple must bc t ~ k e n  from tlie strcnm 
vr i t l~out  modifying t h e  v e l o c i t y  nrlci vrith t h e  r.li11icu.m i i is turbancc t o  t h e  
ad jacent  flow l i n e s ,  I n  order  t o  avoid :iny d i s tu rb ing  e f f e c t s  due t o  
th:: presence of the  saciplsr i t s e l f ,  tilo i r ~ s t r w i e n t  should  bi: strenmlined 
ES much a s  pructicn.ble,  ~ + n d  t h c  p o i n t  of on t ry  of t h e  snr~lplo should be 
i n  t h e  form of a nozzle? p r o j u c t i n g  u p s t r e t a  beyorid t h e  zone whuro t h e r e  
i s  any apprec iab le  d i s t u r b ~ n o u  i n  t h e  f'lovt p n t t e r n .  kiith t h e s e  c r i t c r i a  
i n  view, u l abo rc to ry  nppr:rcitus vm:; cons t ruc ted  so . thnt tlic a s s c n t i a l  
f e a t u r e s  of t h e  car,iplc;rs could bo . tusted m d o r  cond3.tions s imulnt ing a s  
n e a r l y  ns poss ib l e  t hoss  oncountorsd i n  tha  f i u l d  t o  clt:t<:rminc thc: e f f e c t s  
of dcvi:?.tj.ons from i d e a l  sampling condi t ions  on t h c  r~ccurncy of t h o  sodi- 
ment dtita. Thr? appara tus  consisti td sss:?ntirzlly of A loop conduit  i n  
which could bi: circul:.,tcd n column of v ~ o t e r  :4t co:~stnnt ve loc i ty ,  sodi-  
.merit conct:n.trntinn ~ n c i  tciipoi-a.ture. The t o s t  s c c t i o n  of t h e  10-inch 
squaru conduit ,  1;ith t r a n s p a r e n t  sidrts nnd t o p  f o r  observat ion,  i s  shown 
i n  F ig .  1. 

It; wtl:: recognized t h a t  1,ho ~ i ~ l u c i t y  fit which t h e  sanple  i s  
v;ithdrr~~vn from tlic s t r e x n  1.elat ivc t o  t h ~ t  of the strorui? i t sePT n t  tho  
s m p l i n g  p o i n t  should bc  u n i t y  2nd t h n t  dovic,tions frorn t h i s  r c l :  t i on -  
sh ip  \vould r e s u l t  i n  rjrronoous snr,lpling, Thc r~agn i tudo  of o r r o r  duo 
t o  incor ' rcct  sampling r a t e s  i n  susy)cnsions of v n r y i n ~ ;  conccntrnt ioi is  
of 0,45 mm, sodinent  i s  shown i n  F ig .  2 .  Should tho  snmplc be w i t h d r a m  
a t  n slaver v o l o c i t y  t han  t11::t of t h e  s t rema,  tilt: f l o t r  l i n g s  in tlic f i l a -  
ment boing sampled would divorgo ~ r h i l o  t l w  s2dirricr t p n r t i c l c s  i n  t he  
f i l amen t ,  being of h i & o r  s p e c i f i c  g r a v i t y  t han  t h e  vwtcr ,  ~ ~ o u l c i  t end  
t o  follorrr pntizs ~ ~ r h i c h  divurg:: l e s s  thtm t h c  f l o v ~  1int:s. Consoquontly, 
tht: stir.1pl~3 vrould conta in  P. g o a t s r  conc e n t r z t i o n  of' sedirn~mt t h m  t h o  
strer,~il, t h e  approaching f lavr 1inl:s would convorge wh i l e  t h e  sodirlent; 
p c ~ r t i c l e s  viould convt-:rgo t o  rl l e s s e r  dcgrct: cLnc1 t h ~  s m p l e  vlould con ta in  
a. lowor concontrat ion than  t1.c; stl-arm. F igs ,  3 nnd 4 show ci deeronsing 
e f f e c t  of i n c o r r s c t  s a m p l i ~ g  r:itus wi th  dccr:~:sirii; scdir.l,mt; s i z t : ,  t h o  
o r r o r  becoming i n s i g n i f i c a n t  f o r  ve ry  finc: sctdjn::nt. The mngnitudc of 
t h e  struam v c l o c i t y  docs n o t  n c i t u r i ~ l l y  n l t c r  thc: r o s u l t s  i n d i c ~ . t c d  by 
incorrect sampling r n t u s  a s  shown i n  F ig .  5. 



The e f f e c t  of r o t a t i n g  t h e  ax i s  of t h e  i n t a k e  nozz le  s l i g h t l y  
wi th  r e s p e c t  t o  t h e  a p y r o a c h i 3 ~  f1oi.i l i n e s  i s  i l l u s t r a t e d  by Fig.  6 .  
An angular  deviation ol" 20 de{;reh:s has an inapprec iab le  e f f e c t  on t h e  
sampling accuracy, bhercas a  30-degree approach v e l o c i t y  r e s u l t s  i n  
nbout 7 percent  e r r o r  i n  t h e  sediment concentrat  ion a t  a r e l a t s v e  sam- 
p l i n g  r a t e  of u n i t y .  I t  i s  apparent from these  t e s t s  t h a t  t h e  sampler 
should be sufficiently s e n s i t i v e  t o  cu r r en t  d l r e c t i o n  t o  o r i e n t  i t s  in -  
t ake  wi th in  20 degreos of t h e  direction of t h e  flow. 

The s tandard  nozz le  used i n  the l abo ra to ry  t e s t s  had a c u t t i n g  
diameter of 0.25 i n .  Uozzles of 0.15 and 0,375-in. diameters  were a l s o  
t e s t e d .  The s i z e  of t h e  nozzle  appc:arod t o  have no e f f e c t  on t h e  sed i -  
ment concent re t ion  obta ined  as  long a s  n u n i t y  sarq l in l ;  r a t e  was used, 
a s  showr~ i n  F ig .  7. 

One o f  t h o  more se r ious  f a u l t s  of e x i s t i n g  s m p l c r s  i s  t h e  
l a c k  of s t reaml in ing .  P a r t s  of t h e  samplcrs o b s t r u c t  t h o  i n t a k e s  and 
d i s t u r b  t h e  flow f i l amen t s  being sampled. I n  many in s t ances  the in-  
t akes  a r e  normal t o  t h e  d i r e c t i o n  of flow. The flow l i n e s  must bend 
90 degrees t o  en t e r  t h e  in take  and sediment p a r t i c l o s  v s i l l  t end  t o  b e  
separa ted  from t h e  snmple f i1mc:nt .  Tho l a b o r a t o r y  t e s t s  i nd ica t ed  an 
e r r o r  of about 16 percent  i n  smpl i r lg  0.15 and 0,riij-cm. sediment wi th  
t h e  i n t a k e  normal t o  t h e  cu r r en t ,  t h e  o r ro r  dccrc~as ing  t o  nbout 2 per -  
cent  f o r  0.06-mrn. scdirnent. 

A sampler vihich i s  d e s l ~ n e d  t o  open b(11ovr t he  watc?r su r f ace  
of a  s t r c m  i s  sub jec t  t o  so -ca l l ed  " i n i t i a l  in rush"  when t h e  i n t a k e  i s  
opened un le s s  p rov i s ion  has bt:en rznae t o  equa l i ze  t hc  a i r  p re s su re  i n -  
s i d e  ~ n d  tho vratcr prcssurc  outsidr: t P L u  sar'lpld conta incr .  Nono of t h e  
i n t e g r a t i n g  sanpl( : rs  i n  use by t h e  coopernt in2 agoncios a t  t h e  beginning 
of' t h i s  s tudy  were dcsignod t o  e1ir:linatt;e t h i s  ob jec t ionable  fontur  e. 
The o f f e c t  of i n i t i a l  i n rush  on t h e  r a t e  of srunplirlg i s  shown by t h e  
graph i n  Fig. 8. For ins tance ,  when t h c  F'rasior snmpler :rr.s:apcr,od a t  
a  depth  of 34 ft. i n  s t i l l  water ,  h a l f  t h e  volu,lo of t h e  containcr  W ~ S  

f i l l c d  i n  one second or l c s s ,  Th: sampling r n t e  dur ing  t h i s  posiod was 
about Zi;B C.C.  p e r  soc.,  whlle  t h e  re~naindcr  of t h e  sample was takon a t  
a r a t e  of about 23 C.C .  per scc.  o r  l e s s .  Obviously, tho  f i r s t  h a l f  of 
t h o  samplc which i s  takon dur ing  tho  pe r iod  of i n i t i a l  i n rush  w i l l  no t  
be i n t e g r a t e d  and, consttquently, r r i l l  n o t  b e  r e p r o s o n t ~ i t i v e  of t h u  scd i -  
mcnt suspension o x i s t i n g  n t  t h o  sampling p o i n t  due t o  scgrogat ion of 
sodiment p a r t i c l e s  from t h o  snmpled f i  lmlcnt.  Furthormoro, momentary 
f l u c t u a t i o n s  i n  scdimont concentrnt ion arid v e l o c i t y  w i l l  n o t  be co r r ec t -  
l y  i n t e g r n t c d  during t h e  i n i t i a l  i n rush  per iod .  A s  shown by tho  i l l u s -  
t r a t i o n ,  t h e  degree of e r r o r  i s  a. func t ion  of t h c  submergcncc. 

I n i t i a l  i n r u s h  i n  p o i n t - i n t e g r ~ t i n g  sumplcrs can be avoided 
by providing some moms of b ~ . l a n c i n &  t h e  ~ i r  p re s su re  i n  t h e  containur  
and t h o  h y d r o s t a t i c  prossure  a t  t h c  sampling po in t .  A simple method 
of au tomut icn l ly  ob ta in ing  t h i s  balance w i l l  be doscribud i n  a  l a t e r  
s e c t i o n  of t h i s  ptLpcr dea l ing  wi th  thi! dcvc1opmt:nt o f  improved s m p l e r s .  

Simple dcpth-intograt ing scunplors a r c  sub joc t  t o  e f f e c t s  
s i m i l a r  t o  i n i t i a l  in rush  i f  lowored i n t o  n strearn t o o  r a p i d l y .  The 



a i r  i n  tht: s:mpl~: co r~ t t i i n t r  i - a  irist:Lritt~.neously coclprcssod by t h e  in-  
flowing l i q u i d  so t h a t  i t s  p r v s s u r s  b:.lances the cxterrlnl h y d r o s t a t i c  
hozd. The rr t te  of  a i r  cor1tr:lction due t o  iricr(:nsing h y d r o s t a t i c  pros- 
sure  must ncvi:r oxcc~:u tho  rlormnl rc,tc of 1lqu1.d inf low.  Hence, t h e  
rnt~xinlun s y ~ ~ c d  of 1owc:ring tht: s:mplcr o b t : ~ i n s  vdicn t h e s e  t r ~ o  f a c t o r s  
<Lrc cquul. 

A t  any iristc,nt dur ing  the. opera t ion  of n dep th - in t eg ra t ing  
s:irq'lr:r, the  ::ir v o l w ~ ~ :  i n  thc contr;int;r i s  R func t ion  of -the hydro- 
s t a t i c  ha3d 'u;d the p r i o r  rcL-t;c of f i i l i n ~ ; .  I f  t h e  a i r  volmc! rc:duction 
neccssnry t o  bclarico 8. Givcn cimngo i n  h2rdrostntj.c 1wc:d a t  my i n s t a n t  
i s  g ren tu r  t han  norrnc~l in.flov,r, thi: nc tu :~ l  inflovr v n l l  occur z t  a r a t e  
I-ij.gh?r t h c : ~  ti)(.: l ocn l  ctrctim v e l o c i t y  and. sonc inflovr nay occur through 
t h e  a i r  :;xlinust. Sc>mpli:s c o i l e c t e d  undi;r th(:so condit ions wil.1 not  be 
woigkitcd accoi.dinl; t o  t h e  vcrticccll v e l o c i t y  curvo. On tlic. oth.:x hand, 
i f  t h e  norrnctl inf low exceeds the: a i r  v o l m o  roduct ion noccssery t o  bal-  
ance n. given chnngc in hydr0st:iti.c he::d, a i r  w i l l  cscnpe from the s;m- 
~ ; l z  contc:iner so :is t o  porrnit th!.: a c t u a l  inf low t o  occur c t  n r a t e  equal 
t o  t he  strl.!ilm v e l o c i t y  ~,.nd t h c  s m p l o  tdll bo c o r r e c t l y  rf~oightud accord- 
i n g  t o  t h ~  v s r t i c n l  v e l o c i t y  curve.. 

In dott:mining t h o  l i m i t  :; of thu permissible smxplur t r n n s i t  
r : . t . ~ s ,  it \.rill bo nsswnsd thr:t no a i r  cjscapos fro:n t h e  contninor and 
t h a t  t h o  rh:ducti.on i n  c t i r  volume due t o  t h e  changing h y d r o s t : ~ t i c  head 
i s  j u s t  b::.lunced by tho  infEovring vf?.tor. From Boylot s law it fol lows 
t h n t ,  wi th  ~ o i z s t r ~ n t  ter:lpernturos, 

The symbols used i n  t h e  above and subseyuerlt equat ions  i n  t h i s  
paper have t h e  f'ollowing ciefinitiW18 : 

&, a rea  of in take  nozz le  at entrance,  sq.  f t .  

D, depth a t  any p o i n t ,  f t ,  

I),, depth of s t r e a n  o r  sampling depth,  S t .  

d ,  r a t i o  of depth a t  m y  po in t  t o  t h e  t o t a l  depth = D/D* 

h, abso lu t e  pressure  head a t  any depth = h l  Jr D ,  f t .  

h l ,  abso lu t e  pressuPe head a t  wa te r  sur face  = 34 f t .  of 
water a t  sea  l e v e l  

r ,  r a t i o  of t h o  v e l o c i t y  a t  my p o i n t  i n  t h e  v e r t i c a l  t o  
t h e  average v e l o c i t y  = v/vm 

R ~ '  lov~er ing  r a t e ,  f t . / s ec .  

t, t ime from s t a r t  ,of smlpl ing,  scc. 

V, volume of ~ i r  i n  contt. i no r  a t  any depth r: Vl a t  water 
su r f ace ,  cu. f t .  



V1, volwna of container, cu. f t .  

v, stroam vcloci ty  a t  my point  i n  the  v e r t i c a l ,  f t . /soc.  

vm, mean stroam v e l o c i t y  i n  senplini., v e r t i c a l  ,: f t  ./set. 
Tho r a t e  of change i n  a i r  volume i n  thu containor a t  any 

depth i s  obtained by rawr i t ing  equation (1) nnd d i f f e r e n t i a t i n g  with 
respect  t o  time. 

The r a t e  of change i n  a i r  volume a t  any depth may be e,xprtssod a l s o  i n  
t e r n s  of the  area of t h c  in take  nozzle and r a t e  of inflow. 

I n  t h i s  analys is  it i s  as'smled . tha t  a  t y p i c a l  v e l o c i t y  d i s t r ibu-  
t i o n  e x i s t s  i n  t h e  sampling v e r t i c a l .  The lovfering r a t c ,  RL,  which a t  any 
depth w i l l  permit t h e  inflow t o  conlpe~lsate fo r  t h e  a i r  volume reduction 
due t o  increas ing hydros ta t i c  pressure ,  i s  obtained by equating ( 2 )  and 
(3 )  and solving f o r  d ~ / d t .  

I t  w i l l  be noted t h a t  t h e  lowering r a t c  indica ted  by equation (4) var ies  
with t h e  depth and veloci ty .  Rearranging and s u b s t i t u t i n g  f o r  v  and D ,  

Values of R& from equation (5 )  f o r  a  sanplar  wi th  a 3/16 i n .  'diameter 
i n t a k e  nozzle and a one-pint sanlple container  f o r  various skream depths 
a r e  shown i n  Fig. 9. 

A s  t h e  lowering r a t e  must be uniform i n  order  t o  obta in  a  t r u e  
depth-integrated sample, t h e  maximum permissible uniform lowering r a t e  
i s  t h e  lowest r a t e  shown i n  Fig. 9 f o r  any depth. That i s ,  f o r  depths 
over 1 9  f t .  t h e  rnari~num permissible uniform lovrcring r a t e  i s  t h a t  shovm 
f o r  t h e  surface  of the  stream, For depths l e s s  than 19 f t .  t h e  naximum 
r a t e ,  which i s  t h a t  ind ica ted  f o r  t h e  bottom of t h e  v e r t i c a l ,  v a r i e s  with 
t h e  depth. The maximum permiss ib le  uniform lowering r a t e s  wi th  respect  
t o  t h e  moan stream v e l o c i t y  t o  be  used vrith in take  nozzles of 1/8, 3/16, 
and 1/4 i.no d i m e t e r  i n  streams of var ious  depths, a r e  shovm i n  Fig. 10. 
I f  a  uniform lo~vering r a t c  equal t o  o r  l e s s  than t h e  maximum ind ica ted  
by Fig. 10 i s  se lec ted  f o r  given sampling condit ions,  a i r  w i l l  escape 
from t h o  containcr  while t h e  sampler i s  i n  t r a n s i t ,  t h e  prossure i n  t h e  
containcr  w i l l  always b e  equal t o  t h e  hydros ta t ic  pressure  surrounding 
t h o  S m p l e r ,  and a t r u e  dcpth-integrated sample w i l l  be taken, 



The minimum 1ow::ring r a t e  which w i l l  allow t h e  saaple container 
to,, become f u l l  j u s t  a t  the  i n s t a n t  tho  ~ m l p l e r  reaches the  bottom i s  given 
by t h e  equation 

The minimum values of the  r e l a t i v e  lovrrering r u t s ,  RLv,,, given by t h i s  
equation f o r  one-way depth-integrat ing samplers of orlo-pint capacity wi th ,  
in t ake  nozzles of l/8, 3/16, and l/4 i n .  d i m e t e r  a r e  a l s o  shown i n  Fig. 
10, I n  cotnputing these  values  it v~us assumed t h a t  t h e  s t r ean  would be  
sampled throughout the  e n t i r e  depth. If lower t r a n s i t  r a t e s  than the  ind i -  
cn-ted m i n i m  a r e  used, t h e  s:?nple container  w i l l  bt: f i l l e d  befors  the  in te -  
g ra t ion  i s  completed, c i r c u l a t i o n  ~vil1 t a k e  pl:tce and, consequently, the  " 

sample w i l l  indic-ate g rea te r  concentrat ion than e x i s t s  i n  t h e  stream. 
YC7.ien a  simple depth-integrat ing sampler i s  used, sampling on both the  de- 
scending and ascending t r i p s ,  t h e  minimum t r a n s i t  r a t e s  must be twice those 
indichted  i n  Fig ,  10, 

The maxirrium uniform lowering r a t e  which can be used i n  streams 
over 19 f t ,  deep i s  t h e  r a t e  f o r  t h e  surface of the  s t ro<m given by eyua- 
t i o n  (5) .  By s u b s t i t u t i n g  t h i s  r a t e  i n  equation (6) a rnaxirnum sampling 
depth of 39 f t ,  i s  obtained, That i s ,  by c los ing t h e  in take  and a i r  ex- 
haust whcn the sampler makas contact  with t h e  s t r ean  bed, a depth of 39 
f t ,  e m  be smplcd  when n t y p i c a l  v e l o c i t y  d i s t r i b u t i o n  e x i s t s ,  When the  
ve loc i ty  d i s t r i b u t i o n  i s uniform i n  t h e  v e r t i c a l  aoction, r i s  un i ty  n-k 
any point  and t h e  m a x i m u m  sampling depth i s  34 f t ,  I f  the-sample i s  taken 
during both t h o  descending and usco~lding t r i p s ,  t h e  muximwn depths t h a t  
can be sampled would bo one-half of t h e  above values fo r  t h e  respect ive  
vel oc i ty  d i s t r ibu t ions  , I 

Won a  snmp1.e i s  taken during both t h o  desconding and ascending 
t r i p s  of t h o  s m p l e r ,  t h o  mnximum loworing r ~ t o  should not exceed t h a t  
ind ica ted  i n  the  cbovo a.naljrsisB Hov~ever~ s i n c e  tfzc hydros ta t ic  hcad do- 
creases on the  up~sard t r i p ,  am7. ascending r u t o  grontor than t h o  Xowering 
r a t e  may bo used pm*ovidod t h e  w g l o  of r e l a t i v e  ve loc i ty  i s  ,not excessive, 
I f  d i f f e r e n t  descending and ascerldjllg r a t e s  a r e  used, bhey must be con- 
s t m t  throughout t h e i r  rerspectivo t r i p s  i n  order  t o  obta in  a properly 
weighted smlple, 

The. tim.es necessary t o  f i l l  a  one-pint container  a% m r i s u s  in -  
t a k e  velocities wi th  nozzles 1/8, 3/16, and 114 i n ,  d i m c t e r  a r e  shovm I n  
Fig, 12, 

Under some condit ions,  i t  might be impract icd .  t o  eiso t h e  mclxi- 
mum permissible t r a n s i t  r a t e s  ind ica ted  by t h e  preo,:cding arlalysis. Tho 
ordinary stream caging r e e l s  of l- and 2-f t ,  c i r cw~fe rences  \?fill not  per- 
m i t  t r a n s i t  r a t e s  g rea te r  than about 2 and 3,5 ft, p c r  sec.,  respect ive ly ,  
Consequently, t h c s c  nay be t h e  l imi t ing  spocds wi th  which the  sampler can 
be r a i s e d  o r  lo~vereci. I n  t h e  luboratory study it was found t h a t  consider- 
a b l e  e r r o r  i n  s a p l i n g  r c s u l t e d  if t h e  axis  of tho  intake nozzle was  oriontod 
30° or  more from t h c  l i n e  of approaching flow, A sirniltar c f fcc t  i s  produced 



i n  depth- in tegra t ion  sziircrlpling due t o  ';he angular  approach of t h e  stream 
flovr l i n e s  w i th  r e spec t  -to t h e  rloving in.t,ake nozzle.  To minimize the  
e r r o r  due t o  t h i s  source - which i s  a  func t ion  of t h e  v e l o c i t y  of t h e  
water ,  t h e  t r a n s i t  r a t e  of t h e  snmpler, and t h e  s i z e  of t h e  sediment 
p a r t i c l e s  i n  suspension - t h e  angle of r e l a t i v e  ve loc i ty ,  should  be re -  
s t i - i c t e d  t o  a maxir~l~m of 20°. 

7. Development of US I n t e g r a t i n g  Suspended Sedinient Scmplers.  - 
The conprt. equipmerit used dur ing  
p a s t  years  presented  i n  Report 110. 1 of t h e  scdimerit s o r i e s ,  d i s c l o s e s  
t h a t  sonc s i x t y - f i v e  snrflplers, orabodying ti number of different designs,  
have been developed s ince  t h e  f i r s t  sediment samplos were taken from 
t h e  Rhorle Ieivcr over 138 years  ago, T h i r t y  of t hose  sar,lplc.rs were of 
t h c  ins tan taneous  type ,  tvfcnty of t h c  p o i n t - i n t e g r a t i n g  type ,  and e i g h t  
of t h e  depth- in tegra t ing  type ,  w i t h  s eve ra l  designed t o  o b t t ~ i n  both  p o i n t  
and depth-integrzited samples. The survey i n d i c a t e d  t h a t  a l l  of t h e  sam- 
p l e r s  i n  cur ren t  usc v i o l a t e  one o r  rnore of t h e  b a s i c  p r i n c i p l e s  of accur- 
ate sedimunt sa~rlpliqg. 

I n  cons ider ing  a new design, it appeared t h a t  a  sampler of t h e  
po in t - in t eg ra t ing  type  would cover t ho  grc!atost range  of f  i o l d  condi t ions  
i n  t h c  rou t ine  determinat ion of t h e  sodinent  d i scharge  of s t r e m s .  IIow- 
eve r ,  t h e  i n i t i a l  c o s t  of t h i s  tyyps of smzpler wan es t imated  t o  be consid- 
e r ab ly  g r e a t e r  t h a n  khe s impler  dep th - in t eg ra t ing  s u ~ p l c r  , Thorefore,  it 
was d (  c ided t h a t  experi:nental nodels  of' bo th  types  of samplers should b e  
developed wi th  a  view t o  provid ing  p i -ac t ica l  and e f f i c i e n t  equiprlcnt f o r  
a s  vrida a  range of f i e l d  condition:; a s  poss ib l e ,  

In  t h e  course  of d c v e l o p i n ~  a ncw depth- in togra t ing  sodincnt  
sampler, f i v c  experimental samplers vJt:re constructc?d, Successive samplers 
werc designed t o  c o r r e c t  undesirable f e a t u r e s  which f i e l d  or  l abo ra to ry  
t e s t s  had i n d i c a t e d  i n  t h e  previous models. Tho f i n a l  sLmplor ,  des igna ted  
t h e  US Sediment S m p l e r  D-43, has  a  c a s t  bronze s t rear l l incd  body vsith in-  
t e g r a l  ho r i zon ta l  and v e r t i c a l  t a i l vanos .  The forvrard s e c t i o n  of t h e  s m -  
p l c r  i s  hinged t o  provide access  t o  t h e  sample conta iner  rocess ,  and it 
i s  adapted t o  r e c e i v e  l/%-in. t o  ~ / /4- in .  d i m c t e r  nozz les  r h i c h  can be  
interchanged i f  damaged or i f  a  d i f f e r e n t  s i z e  i s  requi red .  A sprin'g l a t c h  
on t h e  under s i d e  of t h e  samplor holds  t h e  hcad s e c u r e l y  i n  t h e  c losed  
p o s i t i o n  and permi ts  it t o  bo oponod readi l j r .  Thrt s~impler  i s  suspended 
from a s t anda rd  c u r r e n t  n e t c r  hmgor  bar. 

The experimental depth-int  eg ra t ing  s ~ m p l e r  s  werc t e s t e d  i n  a  
glass-wallod l abo ra to ry  flume t o  observe t h e i r  po i se  and o r i e n t a t i o n  w i t h  
r e s p e c t  t o  t h e  f l o w  l i n e s ,  and t o  detom~inc:  t h e  r e l a t i o n s h i p  between t h e  
v e l o c i t y  i n  thhc flume and t h e  f i l l i n g  r n t o .  I n  determinirig t h e  f i l l i n g  
r a t e s  t h e  s m p l e r s  were suspended about 0.5 f t .  bolov? t h e  water s u r f a c e  
by moms of a  s t r e a n  gaging cab le  m d  r e e l ,  and t h e  sampling i n t u r v n l  
was taken as t h e  pe r iod  t h a t  t h o  nozz le  rras sulxncrgad. The ixtalce char- 
a c t e r i  s t i c s  dcterminod i n  t h i s  manner c r  e  r c p r o s e n t a t i v e  of flow coriditions 
when t h e  sampler i s  suspended a t  u f i x e d  p o i n t ,  

I n  f i e l d  use ,  t h o  depth- in tegra t ing  samplor i s  lovrcrod and r a i s e d  
a t  a  uniform r a t e ;  consequently,  t h e  s m p l e d  f i l m t m t  vr i l l  e n t e r  t h e  i n t a k o  



n ~ z z l e  at, an angle,  !This flow corid.i.tion can b e  s imulated by hold ing  
ti le sampler i n  n f i x e d  p o s i t i o n  8. t  an angle t o  t h e  cur ren t .  Prel imi-  
nary  l abo ra to ry  t e s t s  rnade ~ v i t h  t h e  sar:lpler o r i c n t e d  w i t h  r e s p e c t  t o  
t h e  f low showed some v a r i a t i o n  i n  t h e  r e l a t i v e  sampling r a t e  depending 
on whether t h e  nozzle  was t i l t e d  up or dovm, The tt:c.ts:~vere r1o.t con- 
c!.usive, but  t h q ;  ir;dictit ed tht i t  4;i1e r e l a t i v e  sar,lpling r a t  e determined 
frorn . t i?s ts  made wi.th t;hs s m p l u r  i n  a f i x e d  Jlorj..zontal p o s i t i o n  should 
exceed un i ty  s l i g h t l y  i n  order  t o  ob ta in  8.n approximate average r a t e  
of u n i t y  when co l lec t j .ng  a depth- in tegra ted  ::timl.)le. 

11 few f i e l d  t e s t s  wero rnadc wi th  t h e  expcrimentnl samplers i n  
streurns near  -the hyt l raul ics  Laboratory t o  de torn ine  t h o  pr -ac t ica l i - ty  o f  
t h e  s q ~ l c r s  ns f i e l d  instrumon"l; and t h e i r  gc?ncral l i rn i t s  of u se  i n  
strsarns of medium depths  w.d v e l o c i t i e s ,  Tho in t ake  c l i a r n c t c r i s t i c s  
de,terxninod i n  l abo ra to ry  and f  i .cld i; o s t s  on , tho f i f t h  hxpc?ric:ental depth- 
i n t e g r a t i n g  sm;lpIer a r e  sliovm j.11 Figs ,  1 3  and 14. Pho1;ogrnpkis of t h e  
30- nnd 50,-lb,. US D-43 saunplcrn a ro  show1 i n  Figs. 115 and I G ,  

Tho point- in- tograt ing suspondcd sedinc>n.t snnplor dcvclopcd 
i n  t h i s  project;  ernbodies ulX t h e  f .eatures  of t h o  dep th - in t eg ra t ing  s m -  
p l e r ,  bu t  i n  a d d i t i o n ,  it i s  cissj.gncd t o  uccwnulate a  v,rntc:r-ss&mer,t% 
sample which 3.3 r e p r e s e n t a t i v e  of t h e  mean sedjl;ic?nt conccn.t;ration a t  
any s e l e c t e d  poj.rit i n  c s t r e a n  v e r - t i c a l  dur ing  u :;hart i n t e r v a l  of t ime, 
The s~uxyiler i s  cons t ruc ted  so t h a t  t h e  air p r e s s u r e  i n  t h e  con ta ine r  and 
.the ex t e rn~ tb  1iydros.tatic head a r c  equal.izod n t  a11 depths,  t hus  avoid.ing 
any in ik i r i l  in rush  when t h e  i n t a k e  nozzle  and a i r  exh5ust a r e  opened, 
This has been ~tccoizplished by u t i l i z i n g  t h o  diving-bol l  p r i n c i p l e ,  

The body of !;he US point-i .ntegmtin.g sardpler c o n s i s t s  essen-  
t i a l l y  of a  s t retunl ined c a s t  bronze s h e l l ,  an inne r  r eces s  t o  ho ld  -the 
st-unple conJi;airier and an a i r  chamber having a  volume about f i v e  t imes 
t h a t  of t h e  sample con.t;uiner, The a i r  char~bor and the sanplc can. ta iner  
arc: interc .annocted by means of  t ub ing  tund c, passage through a. s p r i n g  
ac tua tud  vrrlve. Wklcrl t h e  in tukc  m d  a i r  exhc~ust ,  which a r e  c l s o  con- 
t r o l l e d  by t h i s  vtxlvo, Etro c losed  p r i o r  t o  Xovrering t h o  sampler i n t o  a  
s -brew,  t h e  p re s su re  equa l i z ing  passago i s  opcn. Tho ~ i r  chamber h a s  a 
permaslealt opening c t  &he bot"com of t h e  sampler th iough  which water  can 
on to r ,  thoreby cornprossine; th.o a i r  i n  t h o  sar;!pl.c corrtuinos a s  t h o  s m -  
p l e r  i s  subnlorgcd, 

Thrco exparincmtal po in t - in  tegrn t ing  s  nmplors were construc-  
t o d  dur ing  thc! course of tlzc invos.tie;txtiofi, Tho r o s u l t s  of thi: c a l i b r a -  
t i o n  t e s t s  o f  the  sucond stinplcr i n d i c a t o d  tha-t; t l lc i n t a k e  c h a r a c t o r i s t i c s  
:*pproachcd tho  i d c a l ,  r.s shown by t h o  clata presuntod i n  Fig,  17. 

Th2 t h i r d  experimental sampler c!mbadies otlior ir~pro-vcments i n  
a d d i t i o n  t o  thoso dcvclopcd on t h e  first; f ; ~ o  s m p l c r s ,  Tlac va lvc  i s  
dr ivcn  by a f l a t  c lock  sp r ing  and i s  con1;rollcd by tm cscapemer~k f o r  
t h r e e  posi t50Es:  (I) i n t a k c  m d  n i r  c x l 1 : ~ ~ s t  cbosctl, eiyraaizh.{; pussngc 
opcn; ( 2 )  in ta lc ,  and n i r  c rhaus t  opclr, c q u a l i z i l ~ g  pri::sny;t: c loscd;  (3) 
all .  passages cJosctl, A so lenoid ,  cncr[;izct(l. by two or  rmre G-volt lan- 
t e r n  b a t t c r i o s ,  i s  usctl t o  t r i p  t h a  cso:ipmcnt t.xl1oviin.g t h c  v:ilvr: t o  



t u r n  from one p o s i t i o n  t o  thc r.,,xt. Fron t h e  batt::l'ics l o c a t e d  on t h n  
opcratinli ,  rif;, t h e  current i s  supp1ii .d t o  tht: sc;lcnoici throub;h a two- 
conductor  c u r r i m t  rrit:tt:r c a b l c .  T h i ?  t h i r d  uxperir!i:?rital p o i n t - i n t , ; . g r a . t i n ~  
s::dirnt?nt s m i p l e r  , dcsii ;~!:~tt 'd US P-46 6, vuc:ighs abou t  100 l b s  . urisuSrn3>rgcd. 
F i g .  1 8  i s  n photograph of t h i s  samplor.  

Tho P-46 s m p l ! ? r  i s  p r i r n ~ r i l y  a po in t - in tcgr : j . to r ,  b u t  can be 
us1;ti t l s o  r ~ s  u di:pth-in.t;cgrntor. i i i t h  t h e  vrilvt: i n  th:: opca p o s i t i o n  a 
snmp"li: can bo i n t e g r a t ~ : d  from thi:  s u r f a c u  t o  tht: bottom 5r.d r t : tu rn ,  o r  
th i :  vcilv,: can b13 c10st:d : l . t  t h i :  bottom s o  t1i:l.t  thi: s ~ m p l o  i s  tak( :n  on ly  
on the: do~~mvrnrd t r i p .  Tho ut!filplcr m&y : i l so  be: 10vr~:rc:ci t o  thi. s t r t : ~ ~ m  bud 
w i t h  thc: vi:lvo i n  thL: o losod  p o s i t i o n ,  t h . n  op\:n~:d and t h ~ :  samplc, tei1;l:n 
on t h u  asceriding t r i p  olil?, o r  thr:  ssir:ly:l;.:r r.zrty b,.: usL:d t o  in tegr t i tc :  ariy 
p o r t i o n  o f  ti s tcmplin~, vc: r t ica l .  Thus i n  t:xtrc:r.ioly di:i:p str ; ;~rfls  tlio v e r -  
t i c a l  may bt: stlmp1t:d o i t h : ; r  by t h c  p o i n t  rlothod o r  by s u c c ( : s s i ~ : ~ l y  i n t o -  
g r a t i n g  p o r t i o n s  'of  tki,..: v c : r t i c ~ : l .  A s  a p o i n t  sampler t h i s  i n s t r w n c n t  
cnn bc usc:d a l s o  i n  stunpling dorlnity i'lovrs i n  r : . s i : rvo i r s .  By t.rhnt,:vor 
m::thod thl: samp1c:r i s  opornt!;d the: prc:;surl; i n  t h o  cor i ta inur  and o u t s i d c  
h y d r o s t a t i c  prcssura:c a r t  a u t o n a t i c a l l y  balancciu strid t h e  c?f ' facts of i n i -  
t i a l  i n r u s h  nri: c:lirninctod. 

A s  a p ~ r t  of n proj;ram of  f i o l d  t ; ; s t in{;  and s t ~ n d c ~ r i z a t i o n  of 
sampling c:quiprnorit , t h r  ( r c  D-43 c m p l c r s  wor-c: p l  ncod i n  r o u t i n 3  o p x a t i o n  
i n  a coop l : rn t ivc  scdimt::lt p r o j ( : c t  i n  Iowa i n  Septcmb(!r 1943. S ince  t h a t  
dub,:, some, f i f t y - f  ivl.? D-43 sa:1pllr;rs (50 1'0. ) hnvc b,,c:n cor,sJzruc.i;r:d f o r  
s,.?v::rnl of t h o  :~:;l.nci!:s f a r  r o u t i n o  s m p l i n g  opc:rntions i n  str;;.rms of 
modium d e p t h s  and voloci t ic . : s ,  Thi: p r o g r o s s  bl.:inc made i n  tll;! dcv~:loprz,r,lc:nt 
of  l;hc improv.:d point-inti:grt:tii-L;; ci*l;1plS!r h a s  b.!c:n sor:u:vrhnt s10wi:r ovring 
t o  t h e  i n h e r ~ n t  mt:ch:?nicr*l dif'f i c u l  tiijs invo1vr:d arid t h , .  i n i t i a l  con- 
s t r u c t i o n  c o s t  of n sr.ltill nura?~f,:r of snrnp1i:rs. Hov:.:v~?r, a t  t h , ?  p r c s o n t  
t i m c ,  tight P-46 sumplors Lro undi-:r c o n s t r u c t i o n  f o r  tvio of t h o  c!i;:?ncies. 

Dravr in~s  of thi; US Scdirnt~nt S~~rnp1or.s P-46 rnd  D-43 (50 l b . )  
i n d i c a t i n g  c o n s t r u c t i o n  d o t a i l s  ::re c:ppc!ndod t o  t h i s  p t ~ p o r .  

8 .  Fii:ld Tc!sts on Susp~:nd-d Scd incn t  Ssuny,ll:rs. - I n  PIny 1943 s c v c r a l  - ---------------- 
suspended %t:dirtii;nt s ~ m p l ~ r s  of t h e  US 0-43 modal xirdrc: d l s t r i b u t c d  t o  f i o l d  
o f f i c e s  of t h u  coopora i in iS  a;;i:ncii:s f o r  ox:?~;i inntion and t r i a l .  Thi; Com- 
m i t t e e  dc+s i rod  t o  d[.:torr:;in,; t h o  u t i l i t ; :  und d u r a b i l i t y  of thr: s rmplor  undcr 
p r u c t i c t c l  f i c l d  c o n d i t i o n s  and t o  obtriin c:ppraisals al;d rocommmdfitions of 
f i o l d  porsonnc:l p ' : r ta in int ;  t o  i t s  d : s ign r ~ n d  o p ~ r u t i n g  characteristics. 
Vihc:rovc:r p o s s i b l e  comparative t o s t s  vrcrc: t o  bo r:~~di? w i t h  otkic?r t y p o s  o f  
stunpl(?rs which woro i r l  curr tn t t  usc  by t h c  rc:sp!:ctivc field ngc;ncios. The 
second cxpt-:rirnental modcl of t h c  p o i n t - i n t e g r a t o r ,  .US P-43, WFLS mudc a v ~ i l -  
n b l e  f o r  60-day p ~ r i o d s  t o  f i c l d  o f f i c e s  of t h o  ngc-;ncies d c s i r i n g  t o  m::ke 
siriii1~l.r t ( ! s t s  w i t h  t h i s  s ~ ~ ; i p l ~ r .  Thirtc!cn f i t : ld  o f f i c c s  havc submi t t ed  ro-  
p o r t s ,  t ?st d r t a ,  and discuss ions  of tho. i?xpericnct:s cncounterod ic t h c s e  t c s t s ,  

The f i o l d  t t : s t s  brought  t o  l i g h t  many i n a c c u r a c i o s  i n  c x i s t i n g  
scdir~lc?nt samplers, sor~lc? of vrhich had  boc:n anticipnte. :d on t h o  b ~ . s i s  of p r o v i -  
ous l a b o r ~ t o r y  ana lyses .  D i s p n r i t i c s  i n  s,?dirnctnt dntr, vwrc due c i t h c r  t o  
f a u l t y  sampl ing t c c h n i q u ; , ~  o r  f a u l t y  sampl:?r d i : s i~ ;n ,  o r  both .  A suvnary of 
tht:: r o s u l t s  of t h ( :  compnrativo fil-:1d tests i s  p r c s e n t u d  i n  thc: f o l l o v ~ i n g  
t a b u l n t i  on. 
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The majori ty of these  t c s t s  viere made i n  streams vrith r e l a t i v e l y  shallow 
depths, moderate v e l o c i t i e s ,  f i n e l y  dividbd sediments, and uniform v e r t i -  
c a l  d i s t r i b u t i o n s  of both  veloci t:,r and sediment concentrat ion,  conditions 
which tend t o  minimize t h e  e f f a c t s  of f a u l t y  s m p l e r  ac t ion  und improper 
sampling methods. I n  such s  trearrls a  departure from t h e .  optimum intake  
ve loc i ty ,  s treamlining,  cnd sampling procedure weuld n o t  ma te r i a l ly  a f f e c t  
t h e  roprcsentat iveness of' t h e  sample. On t h e  other  hand, snmpior design 
and operat ing technique bocome increas ingly  important a s  the  physical 
c h a r a c t e r i s t i c s  of t h e  strewn dopnrt from t h e  favorable s m p l i n g  condi- 
t i o n s  which prevai led  during r~lost of t h e  t o s t s .  For ins tance ,  i n  t h e  
comparative t c s t s  made wi th  tho Texas sarnpler arid t h e  US D-43 sampler i n  
tho  Arkansas, Canadian, and Cirnarron Rivers, vrhero s t r o r . ~  v o l o c i t i s s  and 
sodiment concentrat ions wore r e l a t i v e l y  low, a moan sampling r a t i o  of 1,04 
was obtained; rjhcrcas i n  one so r i e s  of t o s t s  made i n  t h e  Rio Grande wi th  
tho  F a r i s  (same a s   exa as) and D-43 samplors and i d e n t i c a l  samxpling mothods, 
but  with higher 'stream v e l o c i t i e s ,  coarser  scdimont, and g rea te r  concen- 
t r a t i o n s ,  t h o  sampling r a t i o  dropped t o  0,48, 

Comparative t e s t s  mado wi th  t h e  Colorado River and D-43 samplers 
i n  t h e  Colorado Rivor Basin vrhcre t h e  s i z e  of t h e  scdirrlunt p a r t i c l e s  ranged 
from s i l t  t o  medium coarse sand, i n d i c a t e d  a s m p l i n g  r a t i o  of 0.82. The 
majori ty of t h e  depth-integrat ing s m p l e r s  which vrcre t c s t c d  collected 
samples t o o  low i n  concentration. Iiavicver, t h e  Omaha and Rock I s l and  sam- 
p l e r s  col lcc tod an cxcoss of sediment i n  t h e  l l i ssour i  and Blississippi River 
bas ins ,  t h c  mcan sampling r a t i o s  being 1.16 and 1.13, rospcct ive ly .  

A s t r i k i n g  i l l u s t r a t i o n  of t h e  e r ro r  which may r e s u l t  from tak- 
ing a s ing le  s m p l e  i n  a v e r t i c a l  i s  given by a f u r t h e r  analys is  of the  
da ta  obtainod with tho  F a r i s  and tho US D-43 s m p l o r s  i n  comparative t e s t s  
mnde i n  t h e  Rio Grande a t  Albuquorquo, Nov~ Mexico, i n  May and June 1944. 
Seven s c r i c s  of comparisons vrcre mado i n  which t h o  F a r i s  samples wcro 
tukon a t  0.6 depth and the  D-43 s m p l e s  wnro obtuinod by the  usual  method 
of dep th-integrat ion.  The average sediment concentrat ion i n  t h o  F a r i s  
samplcs was 0.48 of t h a t  i n  t h e  13-43 samples, S ize  analyses ind ica ted  
t h a t  i n  t h o  range of p a r t i c l e  s i z c s  smnller than 010312 mn,, t h e  r a t i o  of 
concentrat ion i n  t h e  Fa r i s  sn~ ip lcs  t o  t h a t  i n  t h e  D-43 smlples was &bout 
0.75, Hov~cver, t h i s  r a t i o  decrcasod rap id ly  wi th  increas ing p a r t i c l e  
s izcs .  For p a r t i c l e s  0,s mm. i n  dinmetor, t h e  r a t i o  dropped t o  0.12. 
The r e l a t i v e  percentages of tho various s i z e s  of p a r t i c l e s  taken wi th  t h o  
two samplers are shown i n  Fig. 19, I t  i s  stpparcnt t h ~ t  the  coarser  mater- 
i a l  prosont i n  t h o  D-43 samples was obtained l a rge ly  f r o n  t h o  v o r t i c a l  be- 
low t h c  0.6 depth, t h a t  por t ion  of t h e  v e r t i c a l  which vrns not  rcprescnted 
i n  t h e  samples taken by t h e  Fnr i s  snnlplor. 

I n  May 194t  a s o r i e s  of sumplcs wcro takcn with the  US P-43 
point - in tegra t ing  saxiplcr a t  the  s m e  s m p l i n g  s t a t i o n  i n  tho  Rio Grandee 
Tho sedincnt  concentrat ion and ve loc i ty  i n  t h e  v o r t i c a l  a r c  shovrn i n  Fig, 
20, while the  s i z e  gradation of tho  .scdirncnt s m p l c s  taken a t  various 
dopths a r e  shown i n  Fig, 21, I t  i s  evident  from thcsc  data  t h a t  samplcs 
taken a t  0.6 dcpth a r e  not  r ep resen ta t ive  of t h e  t o t a l  sediment concon- 
t r a t i o n  i n  t h o  v e r t i c a l  and t h a t  they do no t  i n d i c a t e  c o r r e c t l y  the  varia-  
t i o n  of pr t r t ic lc  s i z c s ,  Regardloss of tho  typo of sampler used, t h e  0.6 



deptlz o r  ar,y o thcr  s in , ; lo  poir.t rlethod of sampl ing i s  n o t  r e l i a b l e  where 
p a r t i c l e  s i z e s  ar:d c o n c e n t r a t j  on:; v a r y  ap l~rcc - iab ly  f I-or? t h e  s u r f a c e  t o  
t h e  bobtom o f  tlle s-l;rem., 

F i e l t l  personriel  r e c c ~ ; n i z e d  t h e  s i r lp l i c i .  t y ,  rup;gedr~ess, a n d  e a s e  
of' opei-n,t;ican eri11)odj.ed i n  t h e  US D-'23 sszxi~plnr :x1d recocxiended t h a t  a d d i -  
ti.onc1.l d e p t h - i n t e g r a t i n g  smytl(:rs be devel.oped t o  cover n vri.der r a n g e  o f  
s:::npli.ng conditi.on.s. The Conlmi.ttee has  :~dopt;eci a  number of t h e s e  recom- 
~ : l ~ > ~ - ; t i r : l ; i  on s  i n  . t h e  p r  o[;rcai f o r  f  u t  i~ c; s  anp 1.er developr;lc?rnt . 

'i'hc f i e l d  -tc:;ts on t h e  poi.nt-i-ntcgra-Ling sar~~plcor, US P-43, r e -  
s u l t e d  i n  nwir:rous rocormilondntions f o r  t h e  improvement of mechanical  oper- 
E:-ting fo:~turc-l:; arid t h e  g e n e r a l  d e s i g n  of t h e  smaripler, Tho b a s i c  p r i n c i -  
pli ;s  oi' t l ~ c  s m p l $ . w  r c c e i v c d  gc?neral a p p r o m l  and t h e  need f o r  t h i s  t y p e  
of sr:~i;pler v w l ;  roco~- ,n ized ,  On t h e  b a s i s  of t h e s e  r e c o ~ ~ n e n d c i t i o n s ,  t h e  US 
P-46 sadir:lent s a k p l z r  was des igned  arid prclj.::iinnry f i c l t l  t;c:s.ts i n d i c a t e  
.tl?p,.b t h e  o b j e c t i o n a l ~ l e  f e a t u r e s  of t h e  e a r l i e r  model have been l a r g e l y  
ovcrco1:le. I t  i s  b e l i e v e d  . tha t  samplers  of t h i s  t ~ y p e  w i l l  be  w i d e l y  u s e d  
i n  f u t u r e  sedi:nent i n v o s t i g a t i o r i s  , p a r t i c u l a r l y  i n  l a r g e  r i v e r s ,  

9. Labora to ry  Annl.ysis of' Sediment S a i p l c s .  - I n  c a r r y i n g  o u t  a  
:;cdirncrt s m r ;  prograr.; it i s  o b v i o u s l y  des i rz i6 le  t h a t  t h e  ~ q e t h o d s  ern- 
p loycd  i n  u n a l y s i n g  sedi1:;ent sarlples shou ld  b e  e q u a l l y  a s  r -ccura te  m d  
c;i.'i"3.ci.o11t a s  t h o s e  u s e d  i n  t a k i n g  t h e  s a ~ n p l e s  frorn t h e  s-trean. F o r  t h i s  
ro:;:;on t h e  I n t o r d o p : ~ r t n c n t a l  Cor:lr.littee under took  an ctx:t~a,us"cive s t u d y  of" 
t h e  I.:iboi-ntory c.lovices, i n s t r u m e n t s ,  a p p a r a t u s ,  a d  mckllods clcvcloped by 
vuri.ous i n . v o s t i ~ < a t a r s  f o r  s o d i ~ l e n t  cmalys i s  work, This  s t u d y  i s  covered 
i n  Report  No, 4 of' t h e  s e r i e s ,  under  t h e  t i t l e ,  "k'letllods of _ b d y s i n g  
Sed ixen t  Swiplc s" . 

The d e t e m i n u t i o l i  or" t o t a l  s e d l n e n t  c o n c e n t r a t i n n  'and s i z e  d i  s- 
t r i b u t i o l  of r e l a t i v e l y  c o a r s e  p u r t i c l o s  - l a r g e r  t h a n  abou t  1/16 rz-ii, i n  
d iameter  - g e n e r a l l y  does n o t  p r e s e n t  any  g r e a t  prol)lcm t ~ n d  u s u a l l y  car1 
be  Lcconplisl.lcd by mems er~ployod in s o i l s  or' mctloric,ls 1 a b o r a t o r i . e ~ .  I n  
nclditiolz t o  t h o  dott:r~.li.nr~tion of t h o  wc3it;hts of the o r i g i n a l  suxnplo and  
the, r c s i d u e ,  t h o  most com1oor, method us od i n  dc tcrxl ln ing t o t a l  s cdil lunt 
col-icontrntion inv02 .v~ :~  t h r c e  b n s i c  : ; t t :ps-  s(~dir:lontatiori, d e c a n t a t i o n ,  and 
c?v:ipor.rlt,ion, This psocoss  m a y  bo suppl<:r~ontcd by I ' i l t o r t l ~ y ;  t h r o u g h  f i l t e r  
p?p::r o r  c r u c i b l r : ~  t o  c x p u d i t c  t h c  o p e r a t i o n  und t o  e l i i n i n a t c  d i s c r e p a n c i e s  
due t o  dissolved s o l i d s ,  

The s i z e  d i s t r i b u t i o n  of s o d i r , ~ e n t  par- ' i ic los  l:?.rgcr t h a n  1/26 me 
d i . ~ m e t e r  i s  d e t e r n i n c d ,  i n  n o s t  i n s t a n c e s ,  b y  siovirq;, Th i s  clcthod h a s  
rcached  n h i g h  d e g r ~ o  of development in t h i s  coun t ry  duo,  n o  doubt,  t o  i t s  
sh13pli.city and r c l i n b i l i t y  a n d  t o  t h a  f a c t  t h a t  .irery ~inci~x.n"r, s i c v c s  a r o  
r*..i;.ailablo, Thc b e h a v i o r  of scdilnent p:i.rtj.cLr:s i n  ntrt:ri?r:: and . t h e i r  deposi -  
t i o n  i n  rese rvo i . r s  and detention b a s i n s  dc.pond .l;o n. grc:a.tcr. clogrco upon. 
t h c i r  s o t t l i n l ;  p r o p e r t i o s  t h a n  upon t h e i r  g c o n c t r i c  si.zo, Consoquontly,  
a t t e m p t s  have beori n;r:dc t o  dovclop s  c d i n e n t u t i  on ~;.lcth.od:; I"or s i z  c.: a n a l y s i s  
of c o a r s e  p a r t i c l e s  artd t h i s  procl ises  t o  b e  on i rnportant  :f?Lt:l.tl :.'or f'u-burc 
r e s e a r c h e  

The s i z e  cma1ysi.s o f  f i n e r  sodirzonts has s t i ~ - ~ ~ ~ l : ~ t , t ? d  n g r e n t  d e a l  



of i n t e r e s t  and nany inigonious devices  and processes  have been developed. 
Methods commonly used i n  ariullrsis of s o i l s ,  such a s  p i p e t t e ,  hycirometer, 
manometer, plw;unet, and e l u t r i a t i o n  have been used, bu t  i nhe ren t  l i m i t a -  
t i o n s  i n  t h e i r  capac i ty  t o  determine p a r t i c l e  s i z e  corlcentration 
o f t e n  prec lude  t h e i r  u se  i n  ana lys ing  suspendctd sediment sarq)les.  The 
In te rdepar tmenta l  Cumli t tee  sponsored a  spec i a l  study o f  ~ e d i r ~ l e n t a t i o n  
ctethocls of s i z e  una lys i s  with a  view t o  dovelopirig appara tus  mid t ech -  
niques of s u f f i c i e n t  scope and ctlpacity t o  s:itisz^y t h e  recluireclents of 
sus;?en ded s  edinent ir!vestig;ations. An appa ra tus  c a l l e d  t h e  bottom-wi t h -  
drawal t u b e  was developed which mab los  tllo grada t ion  of p a r t i c l e s  t o  be 
deterniined f o r  a  wider  rtinge of concont ra t ion  and a  wider rai[;c of s i z e  
than  i s  p o s s i b l e  wi th  uny other  of t l i e  cor:monly-used nethods. This devico, 
which i s  i l l u s t r r ~ t o d  i n  Fig. 2 2 ,  i s  a  graduated g l a s s  t u b e  about 100 cm. 
i n  length  and 2.54: CI-1. i n  d i a . ~ e t o r  v ~ i t h  a quick-act ing o u t l e t  a t  t h e  lower 
end, The smplo .  i s  , f i r s t  uniforr.~ljr dispersoc: i n  t h o  bottom-withdrawal 
tube,  2nd then  t h e  t u b c  i s  supported i n  an u p r i g h t  pos i t i on .  The sediment 
p a r t i c l e s  begin t o  s e t t l e  t o  t h e  bottom i r l r ~ c d i n t e l y ,  t h e  s e t t l i n g  v e l o c i t y  
b o i n ~  n func t ion  of t h e  upparcnt spc ;c i f ic  g r a v i t y  of i nd iv idua l  p n r t i c l c s .  

I n  n  u n i f  orr.lly d ispersed  buspension such a s  cnploycd i n  t h c  
bettor;-vrithdrml tube ,  t h e  sctdirlent conceritrution a t  any l c v e l  rorlains 
cons tan t  u n t i l  t h e  l a r g e s t  p m t i c l c  i n  s u s p ~ ~ n c i o n  w i l l  have had t i n c  t o  
o c t t l e  frori t h e  cur facc  t o  t h o  l e v e l  i n  ques t ion .  F rac t ions  of t h c  sax- 
p l o  a r c  rrithdravm i n t c r m i t t c n t l y  f ron  t h e  bottom of t h ~ :  t ube ,  t h e  t ime 
c lwlent  of withdl-a~~:i ls  correspondirlg t o  t h e  t i m c !  r e q u i r e d  f o r  p a r t i c l e s  
of givcrl s i z e s  t o  s o t t l e  throughout  t h e  lengt l l  of t h e  water  column. 
Eacll f r a c t i o n  i c  tllcm d r i e d  mid t h c  v ~ e i g h t  of : ~ c c m u l a t c d  sedirilcnt dc- 
t e r r ~ i n c d .  Fron t h e s e  d a t a  i s  corlputcd t h e  ~ ~ ~ c : i g h t  of sedirlent of t h o  same 
concentration whiclz v~ould  reriaill i n  t h e  susptmsion, assuming t h a t  t h e  
w:&ter colwm rc rz~ inod  u t  t h o  or iginci l  h o i ~ h t .  Since t h e  he ight  of t h e  
water  colmm uctuually decrcnscs w i t h  each vrithiirzv~ul, EL pro  r a t a  corroc- 
t i o n  i s  nnde t o  obta in  t h o  cu;lount of suspended r , l a t o r i ~ l  t h a t  would r m a i n  
i n  Y colwm of cons tan t  height. S i ~ i i l a r l y ,  thi: hypo the t i ca l  s e t t l i n g  
tima f o r  cuch f r a c t i o n  i n  n. colmm of cc)ristt.int he igh t  i s  a l s o  corputod. 
The coclputed percent  of mat o r i a l  r om:tining i n  t h c  susp elision st t h e  
momorit of witlidrawal r e l a t i v e  t o  t h e  t o t a l  arlount of r l a t e r i a l  p r e s e n t  
i n  t h e  o r i g i n a l  sarlpla, togother  w i t h  t h e  wrrosporiding s e t t l i n g  t ime,  
provide  t h o  da t a  necessary  t o  cons t ruc t  an 0ddn Curve (12) ,  an sxariple 
of which i s  shown i n  Fig.  23. ::xti?r,ding u t..ngent f r o n  any po in t  on 
t h o  curvo t o  t h o  ordintrte s c n l c  v r i l l  i n d i c a t e  the  cr,ount of m a t e r i a l  
i n  t h o  s m p l e  which i s  fino; then the  p a r t i c l e  s i z e  roprcscnted  by t h o  
corresponding t i r . 1 ~  ~ .b sc i s sa .  a t  t h e  poin t  of tangency. Gmdation of tho  
sedirlcnt according t o  m y  d c s i r c d  s c n l c  of  p a r t i c l e  s i z e s  can be de t e r -  
mined i n  t h i s  manner. S incc  t h e  f a l l  v e l o c i t y  i s  s e n s i t i v e  t o  tcnper -  
a t u r c  changes i n  t h e  ~wdiuxl,  v a r i a t i o n s  i n  teempcrature rzust b c  consi- 
dered i n  c o r r e l a t i n g  p a r t i c l e  s i z e s  :md s  c t t l i n g  timc. 

Tho devclopmclit of t h e  b ottom-withdr~t'cval t u b c  and suggest ed 
nothods of opera t ion  w e  described f u l l y  i n  R c p ~ r t  ITo, 7 of t h e  o c r i  cs 
undor t h e  t i t l e  "A Study of ll'e-~ Llcthods f o r  S i zc  d ~ n l y s i s  of Susponded 
S e d i m e ~ t  Smplcs" .  This devicc  has  bcen usad wi th  marked success  by 
s e v e r a l  f  i c l d  aganci cs of t h e  Fodcral dcpartnonts  cooperat ing i n  t h i s  
study. 
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1:. : .u-: :;!! i.: i:g !~r;;ii t.t,?i.: on :;c(jimon%atj. or1, I ,  ; i : : . , :  1 :  Ccml- 

, \, ,", ,. -; ( ; ! ); ' , ., :. ,. r~:pri!:;nlitativos of t h e  lk,ir Jjc.pns~;i:iexit, Dc;:: i : , i : . i~:: t, 0 1 '  :,lit lr l teriob",  
Ti:,j,,,.;,.i,!! r:?, c:~f $~grj. a .~l . turc ,  and. F'cj(lera1 ~ ~ o ~ ~ ~ c r  C G T ~ L ~ S ~ : , I . C Y I L ~  h,.>,:-: :J.S one 
of :i.L:: ' ib j  i:;ct;:ik..cs l ; h ~  coorcl inat i  or1 of thc hj~dro lop ; ic  i ~ c t i v j .  t;:i ..:s of t h c s c  
Fc:~,:;-!L! ?c:j)~'.~-tn-:~!t:; t i . irough %he ~ ~ s s i s t m c c  of' it;:; f.ovc?ral s1lbc.ofiun-it1;ocs~ 
Tho nn7gi : , ; i i ? > ~ ~ m . i i t t e ~  or: S(:dicienta-tion, vsith hC.  13. Erovrr:, o f  ti-:r: S o i l  Cnn- 
scr?;-?t,.oi; S o r v i c a ,  D(;.p:-~rtnmi; of Agri culLurc,  a s  i t s  I?ir.::-i; oh::i.rrn,m, - - 
i'orrna~.~:;. t c o k  ovur i h c  nc1; ivi t ics  an.d t h c  unfinished ;!ro;:;rm:i of' tlac Inter- 
,.q . ., . .,. .,-,t:,r-~-.,y ,,& . ..- ; : :~.l Ccii~ilitI;t?~i j.n JUY~C: 1946 

' ; ' I , : :  mo:;t :i.npor.tant p1::t:;o of t h o  unfilzislied pro[;rmi,  vrhicli now 
2:. t'i ~ i i c t  o .f th (: &.:h c wir;l:i.-k kc<> OD S i? (ji.;-:?c::~:.t;r~.i; .i r ! !  : . :, .-" ! , I ;  i .  I\::.\? :; ?. c p- 

11. c;(;rkeili :i.(>c>~.lj.t.Pi:s st;ri;r.tn~ col:dj:i;:ions are  s ~ I c / ' L  .t;,"~:.~i, 
i::,iri i ; t ;  oi;-i:,:. ii>.c:d only 1;y w;l.ding i.rxi;o .tllc :;tr;;:i.rrr, :[YI ~ ? ; l - i r ; ~ *  ;;I,:: ct:!:; vt i l~(>r(> 

, , 

kl , : ;  < j t ~ ~ > . t ; j ~ ~ - ~ s 2 j j , ~ l : ; t ~ ; f ~ ~ i ~ ~ ! ; : j  I I I $ ; ' ~ ] ~ O ~  '~hc> J:~OG% ~ ~ ~ ~ i > f ; ~ t , G ~ . d .  * t , l - ; ~  ~ l ( : / ) i . ' t ~  <jr '  ~ t r ~ ! ? . i m  
1 (,(-., ! .: ?.,,. ,!:... ,.. .I.,..., r:in;y I r o  bci:yond t h e  r:inga of 1;hc sj.rnplo dc,;~i;li-i.~ii;(:;~:i-:-~~t;i,ng s:m- 

D :I. <:y rifi i !  ; S B T ; Z P ~  .i~!.li ~ 1 . 1  CIO s 8s l i t  l;h C, end. of '  %hi.: d i ~ ~ p ~ r b ; : : r  r.0 .i- r.i.1; :;I,oul d. 
bc: usod, T-11 f l ; \ s h y  s t r ' o a ~ ~ r s  vrllt:rt: it i s  iii~p:)rl:::.vl-. t o  !:hi;:i:i.r~ sc:d.i,;fic:z"1% rcm- 
1 2 1  i : ~  u,nt i  o1;ro:uii ~";::~ging m::asur ~x~(:".l; s in t;h e r:rin j.:ntuil of t;i~i:!.: i;I.~c: c;pi.rn.t ion  
wixr1.d bi: ~ i ; p ~ d i . t c > r l  i.l' a s c ~ ~ ~ p l ( ; . ; . -  ndxpt,:~'blo for 11sc) a:; E: :;.?-r.i:!!;:~ ~ e ( < 5 . ~ i ~ ;  vroight 
v~(.:r.c.; o.vuilt2.bl.c, D<;-;oS.opra::xjI; of .t;hrco :j:,ocj.aX I .  ' i  n.uthorizsd 
t o  lilost; t hoso  f .i.eld. C O Y I ~ ~ ~  ~ L O ~ J : ; ~  



11. Aclmov:ledt.,emanl;s. - Tlle sediment p ro jec t  which mas inaugurated 
i n  1939 has beer1 d i rec ted  by rul inform:~l committee composed of reprcsen- 
t a t i v c s  of i n t e r e s t e d  Federal rgrmcies 2nd t h e  Iovm 21: d l t ; l ~ ~ c  of IIydrau- 
l i c  Rosearch. Thc s c t i v e  cicmbcrship of  t h e  Cor;.iittee hns chnu~ed  from 
time t o  time arid cornnittee meetings have bcm open t o  other psrsonnel 
i n t e r c s t c d  i n  and nssocintcd with sediment invcs t iga t iods ,  The following 
r ? p r ~ s c n t a t i v o s  of' t h e  coopt~roting Federal agcncit-s have bccn i d e n t i f i e d  
n i t h  t h e  Corunittee a t  one t ime or  ~ ~ r ~ o t h e r  s incc  i t s  organizat ion:  hlaj or 
A. B.  Jones arid G ,  A.  EIathfvray of' t he  Corps of Engincers; C. G. Pnulscn 
imd the  l:&te G ,  L. Pnrkor of t h e  Geological Survey; G. C.  Dobson and 
C.  B. Brovm of the  S o i l  Consorvntj on Servlce;  A. S, Fry of t h c  Tennessco 
Vrilley P,uthority; C .  H. Southvrorth and J .  C .  LIcCaskill of t h e  Officc of  
Indian Af fa i r s ;  Ii. R e  TTclson and 1.i. E. Cerf i tzen  of t h e  Bureau of Recla- 
mation. The p o s s i b i l i t y  of deriving v a s t  mutual b c n c f i t s  fro11 a j o i n t  
study of f l u v i a l  sediment problems of' cocunon i n t c r c s t  t o  t h e  Federal  
z ig~ncies  ~~ ' t i s  conceived by 1:r. IInchi\cray and Prof essor C. lii. Lme. :Ira 
IIatha~tay, v~ho was l a r g e l y  rcsponsiblc f o r  org-nizing t h e  1ntc:rdcpartmcntal 
Com,iittec, hns scrvcd as Chcirman and Secretary and has presided over the  
me~jor i ty  of i t s  meetings. Professor Lnne, i n  the  ccpacity of consultant  
f o r  t h e  Corps of Engincers and rcpr(:sentativc of tho  Iov~a I r l s t i t u t e  of 
Hydrtiulic Roseorch, supc-rvisod and d i rcc tcd  t h o  worlc f o r  t h o  Comnittce 
a t  t h e  Univers i ty  of Iowa Hydraulics Laboratory u n t i l  June 194%. 

Tho following personnel vrere nssignud by t h e i r  respect ive  co- 
operat ing agencies t o  conduct tho  l i b r u r y  and labora tory  resuarch o-nd 
inves t iga t ions  at; Iowa City:  Vorrlon J, P:ilmcr, S o i l  Consc?rvation Sc?rvice; 
Cleveland K. Horne, Jr., Morgan I). Dubrov~, and Plnrtin E l  Tielson, Corps 
of D g i n e e r s ;  Victor  A. Koclzcr, nnd Paul C. Bonnodict, Geologicel Survey; 
Clarcnce A.  Boyll, Tennessee Valley Authority; P h i l i p  !,I, ITobol, Dona1 d 
E ,  Rhinohart, and John l i e  Stanley,  Bureau of Keclrmntion; and Frank I{. 
Pnrkcr, Office of Irldiun Af fa i r s ,  Ass is t rnce  i n  the  t h e o r e t i c a l  ana lys i s  
o f  sediment t r m s p o r t a t i o n ,  review of r epor t s ,  compilntion of pe r t inen t  
i n f o r m ~ t i o n  and dnta,  ~ m d  i n  various othtx phnsos of the  p ro jec t  wc.s con- 
t r i b u t e d  by the  follovring: Professor A. A .  Kalinskc, S t a t e  Universi ty of  
Iowa; 5. K. Love, VJ. D.  Col l ins ,  L. C .  Crawford, C. S. IIovial-d, and tho  
l a t e  R. G. Knscl, U. S. Gcologicnl Survey; JI. A. Churchil l ,  Terlnessoe 
Vnllcy Authority; V. A .  V:~noni, 11. A,  E ins te in ,  rmd G. Rittcnhouse, S o i l  
Consurvation Service;  tmd J. J o  Hartigan, Corps of Engineers, The coopcr- 
a t i o n  of f i e l d  o f f i ces  of t h e  sponsoring agencic2s i n  providing information 
on sfunplers und sampling condit ions,  i n  making f i e l d  t e s t s  on various sam- 
p l e r s ,  md  i n  developing p r a c t i  cal labora tory  teclmiques for t h c  bottom- 
withdrr~vfnl tube i s  nckno~vledgcd, 

Paul C. Bcncdict 
U. S. Geological Survcy 
Lincoln, 1Jebraskn 

TIrtrtin C. Nclson 
U. S. Engineer Office 
St.  Paul,  ~,Zinnosota 
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FIG. 9- VALUES OF FOR DEPTH-INTEGRATING SAMPLER BASED ON 
EGlJATlON (5) FOR A TYPICAI. VERTICAL VELOCITY CURVE FOR ANY DEPTH. 

FIG II-MAXIMUM V4LIJES OF RL/vm: 2 0  AND 30-DEGREE 
t7ELATIVE. \'?I O('I r \  VFCTORS 
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FIG 12-RELATION QF FlLLlYG TIME TO INTAKE VELOCITY FOR 
A ONE-PINT CONTAINER. 
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FIG. 13-INTAKE CHARACTERISTICS OF F I F T H  
EXPERIMENTAL DEPTH-INTEGRATING SAMPLER 

(LABORATORY TESTSI 

lVfRAGE STREAM VELOCITY-FT I SEC. 

FIG.14-INTAKE CHARACTERISTICS OF F IFTH EXPf  RIMENTAL 
DEPTH-INTEORATINO SAMPLER. 
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FIG 1 5 - - U S  D E I ' T H - I N T F G R A T I N G  SUSPENDED S E I I I M E N I  SAMPL.EH, 0 - 4 3  ( 3 8 - L R )  W I T H  A l J X l L l A R v  H E A D  

FIG 1 6 - - l J S  0 E P I I i - I N 7 E G R A T I N G  SIJbPENDED SELUMENT SAMPL.ER, 0 - 4 3  ( 5 0  L B )  



VELOCITY AT SAMPLING POINT- FT./SEC. 

FIG. 17- INTAKE CHARACTERISTICS OF SECOND EXPERlKdENTAL 
POINT- INTEGRATING SAMPLER. 

RIO GRANDE AT ALBUQUERQUE, N.M., MAY AND JUNE 1 9 4 4 ,  
DISCHARGE 5,000 C.F S. 
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FIG 18-US POINT-INTEGRATING SUSPENDED SEDIMENT SAMPLER, P - 4 6  



VfLOCITY I N  FEET PER S t C O N U  

S E O l U E H T  CONCEWTRliTlRN i N  P E R C E N T  

FIGURE 20 -SEDIMENT SAMPLER TESTS P-43 
RID GRANDE, ALBUQUERQUE, N .  MEX. 
4 MAY 1945- DISCHARGE 4030 C.F S. 

FIG 22 - PROPOSED BOTTOM WlTltliR&WdL. 
SEDIMENTATION TUBE. 

FIGURE 21 - SEIIIMENT SAMPLER TESTS P-43 
RIQ GFtANDE,ALBUQUERGIU%, N. MEX. 
4 MkY I945 - OISCWARGE 4030 C.6S. 

F IG .  23 -  ODE^ C _ U N  --- 
CORdSThPdT DEPTt4. V A R I A B L E  T IME 








